Remarks 

Claims 20, 22, 25 and 26 stand rejected as being unpatentable over Mich in view of Nagl and 
Contreras. The rejection states that Mich teaches that sodium hypochlorite (NaOCl) has antiviral 
activity and Nagl teaches that N-chlorotaurine has bactericidal, fungicidal and vermicidal properties 
as well as virucidal activity including HSV-1 and 2. The rejection concedes that none of the cited 
references disclose a combination of NaOCl and N-chlorotaurine for the treatment of lesions and 
infections generated from periodontitis and herpesvirdiae and the mechanism of action of substantial 
stimulation of myeloperoxidase activity in the human or animal as claimed. Nevertheless, the 
rejection finds that it would have been obvious to one skilled in the art to combine NaOCl and N- 
chlorotaurine to treat lesions and infections generated from herpesviridiase and periodontitis. 
Allegedly, one skilled in the art would have been motivated to combine the cited references to 
generate a treatment that has bactericidal, fungicidal and vermicidal properties as well as "an 
expected additive benefit of antiviral activity." In addition, allegedly, the treatment of lesions and 
infections generated from periodontitis is obvious because herpesviruses have been implicated in the 
pathogenesis of human periodontitis as taught by Contreras. The Applicant respectMly requests 
reconsideration and withdrawal of the obviousness rejection in light of the following. 

A proper analysis under Section 103 requires consideration of: (1) whether the prior art 
would have suggested to those of ordinary skill in the art that they should make the claimed 
composition or carry out the claimed process; and (2) whether the prior art would have revealed that 
in so making or carrying out, those of ordinary skill would have a reasonable expectation of success. 
In re Vaeck, 947 F.2d 488 (Fed. Cir. 1991). Both the suggestion and the reasonable expectation of 
success must be founded in the prior art and not in the applicant's disclosure. Id. With respect to the 
first factor, "[t]he mere fact that references can be combined or modified does not render the 
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resultant combination obvious unless the prior art also suggests the desirability of the combination." 
In re Mills, 916 F.2d 680, 16 USPQ2d 1430 (Fed. Cir. 1990). With respect to the second factor, 
"focusing on the obviousness of substitutions and differences instead of on the invention as a whole 
[is] a legally improper way to simply the difficult determination of obviousness." SeeHybritech Inc. 
v. Monoclonal Antibodies, Inc., 802 F.2d 1367 1383 (Fed. Cir, 1986). 

First, the Applicant respectfully submits that the prior art would not have suggested to one 
skilled in the art to make the claimed compound. As conceded by the rejection, none of the cited 
references suggest combining NaOCl and N-chlorotaurine. In addition, with respect to Claims 25 
and 26 specifically, none of the cited references disclose NaOCl or N-chlorotaurine for treating 
periodontitis or herpesviridiae . Further, there is no implicit suggestion in the prior art or the 
knowledge generally available to those skilled in the art to combine NaOCl and N-chlorotaurine for 
treating infections. 

The Applicant invites the Examiner's attention to the enclosed letter from Iain L.C. Chappie, 
Ph.D. and the enclosed article from the October 2007 edition of EFP News. Dr. Chappie is a 
Professor and Head of Periodontology and Consultant in Restorative Dentistry at the University of 
Birmingham, School of Dentistry in the UK. He is the Clinical Lead for a hospital specialist 
periodontal service with a referral base of over 6 million. He also leads a periodontal research team 
active in the investigation of pathobiological aspects of the host-microbial interface and, novel host- 
modulation therapies and also point of case assay development. Dr. Chappie has published over one 
hundred and fifty (150) papers and abstracts and has delivered several keynote lectures at IADR, 
EuroPerio and BSDR. Dr. Chappie is also a former Scientific Editor of the British Dental Journal 
and is currently an Editor of the European journal "Periodontal Practice Today" as well as being 
Editorial Board member of "Periodontology 2000" and the Journals of Clinical Periodontology and 
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Periodontal Research. Dr. Chappie has received many awards including the Rizzo Research Award 
of the IADR Periodontal Research Group and the British Society of Periodontology (BSP)'s Sir 
Wilfred Fish Research Prize. See EFP News, October 2007, Vol. 12, No. 1. 

As provided in Dr. Chappie's letter, Dr. Chappie is thoroughly familiar with the claimed 
subject matter. Also according to the letter, there was a long-felt need in the art for a treatment for 
patients with severe periodontitis that provided consistent results. The Applicant also invites the 
Examiner's attention to two additional publications included with this response, one by the 
Applicant, Mainnemare, et al. (2004), pg. 823, and the other by Claffey et al., (2004), which both 
show this long felt need. In particular, they demonstrate that it had been found that a significant 
number of severe cases of periodontitis deteriorate over time with non-surgical treatment. 

The Applicant's claims are the first to appear to satisfy this need. See Chappie Letter & 
Mainnemare, et al. In fact, Mainnemare states that "low concentrations of [NaOCl and TauCl] are 
associated with compromises in anti-infection defenses . . . [but] [t]o date, therapeutic use of NaOCl 
. . . and TauCl solutions in periodontitis has not been considered." See Mainnemare, pg. 823. 
Mainnemare also provides "[t]hus, although never previously recognized, HOC1 and TauCl may be 
of potential benefit as adjunctive therapies for periodontitis patients." See id (Note that NaOCl is 
HOC1 sodium salt.) In other words, even assuming arguendo that NaOCl and TauCl were known for 
antiviral activity and bactericidal, fungicidal and vermicidal properties and virucidal activity, as 
provided by the rejection, those skilled in the art had not combined them to treat periodontitis. As 
such, it cannot be found that one skilled in the art would have combined the cited references to meet 
the claim elements. 

Second, the Applicant respectfully submits that the prior art would not have revealed that in 
so making or carrying out the claimed subject matter, those skilled in the art would have a reasonable 
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expectation of achieving the technical results which were in fact achieved by the Applicant. 
Therefore, the Applicant respectfully submits that combining the cited references violates the 
doctrine of impermissible hindsight reconstruction. See e.g., In re Geiger, 815 F. 2d 686 (Fed. Cir. 
1987). 

Periodontitis is known to be a degenerative inflammatory disease generated by Gram negative 
anaerobic bacteria. Its pathogenesis is characterized from a high similarity with certain autoimmune 
diseases, such as rheumatoid arthritis. In this regard, the Applicant invites the Examiner's attention 
to the enclosed article by Moen et al (2003). The specific tissue destructions induced by 
periodontitis have been shown to be a result of a local dysregulation of the immune system, which is 
mainly induced by the pathogen itself disturbing the innate system. In this regard, the Applicant 
invites the Examiner's attention to the enclosed article by Dixon et al. (2004); Gemmel & Seymour, 
(2004) and Seymour & Taylor, (2004). Thus, although anti-infectious drugs improve periodontitis 
and herpesviridiae, it is know that the prior anti-infectious drugs available do not consistently, 
effectively treat the severe form of periodontal diseases (i.e., initial probing depth of periodontal 
pockets > 7 mm). See Claffey et al, (2004). These inconsistencies seem to result from the innate 
immune system, which remains in a dysregulated state. See Mainnemare (2004). Similar to 
periodontal diseases, an acute herpetic attack results from dysregulation of a local immune system, 
which would generate the cutaneous lesions observed. In this regard, the Applicant invites the 
Examiners attention to the enclosed article by Malinovskaya et al., (2000). In fact, this noxious 
immune regulation would seem to delay or stop the trigger of wound healing. 

Therefore, consistent and effective treatment of periodontal disease and herpesviridiae needs 
to do more than simply provide the antiviral, bactericidal, fungicidal and vermicidal activities of the 
individual molecules of NaOCl and TauCl. A consistent treatment needs to be capable of: 
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to do more than simply provide the antiviral, bactericidal, fungicidal and vermicidal activities of the 
individual molecules of NaOCl and TauCl. A consistent treatment needs to be capable of: 

1 . Destroying infectious agents that are responsible for the diseases, 

2 . Neutralizing the harmful molecules released from pathogens before and during their remove, 

3. Regulating the physiology of the immune system, and 

4. Healing tissue. 

The Applicant's claims do all of the foregoing. Thus, the Applicant's claimed composition 
has additional properties beyond the anti-infectious properties outlined in the rejection. In particular, 
these properties are included in new Claim 27. Support for the elements of Claim 27 is found at 
paragraphs [0016], [0032] and [0077]. These properties result from both (i) the complementarities 
and (ii) the synergic effects generated from the two active agents. As a result, in his letter, Dr. 
Chappie states that "[t]he combination of sodium hypochlorite (40 nM) and taurine N- 
monochloramine (300 \M) is novel and may provide synergistic benefits when used topically as an 
adjunct to non-surgical periodontal therapy." See Chappie Letter (emphasis added). In addition, 
Mainnemare et al. provides "[NaOCl and TauCl] act synergistically to modulate the inflammatory 
response." See Mainnemare et al., Abstract. In other words, the combination of the aforementioned 
molecules yields unforeseen benefits. As provided above, one skilled in the art would not have 
reasonably expected such success as evidenced by the fact that no one had combined NaOCl and 
TauCl despite the problems with treating periodontitis and herpes, known in the art. For the 
foregoing reasons, the Applicant respectfully submits that one skilled in the art would not have been 
motivated to combine the cited references. 

Nevertheless, even assuming arguendo that there is some motivation to combine the 
references, for a combination of known elements to be non-obvious, the combination of elements 
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must do more than function as they would individually. Here, provided above, the combination of 
NaOCl and N-chlorotaurine does more than they would individually, i.e., simply kill viruses, 
bacteria, etc., which is provided by the rejection as the only motivation for combining these 
compounds. The combination of NaOCl and N-chlorotaurine destroys infectious agents that are 
responsible for the disease, neutralizes the harmful molecules released from pathogens before and 
during their removal, regulates the immune system and promotes and induces tissue healing. The 
cited art does not disclose these functions. Withdrawal of the rejection is respectfully requested. 

In light of the foregoing, the Applicant respectfully submits that the entire application is now 
in condition for allowance, which is respectfully requested. 



Respectfully submitted, 




T. Daniel Christenbury 
Reg. No. 31,750 
Attorney for Applicant 



TDC/vp 
(215) 656-3381 
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Thursday, 14 October 2004 

I, the undersigned, 

Professor law L. C. Chappie - BDS, FDSRCPS (G3as} ; , FDSRCS (Edm), PhD 

declare that I am aware of the work of Dr Araaud Mamnemare and read arid discussed 
his research poster at the 4* European Conference of Penodontology (Berlin 
Germany ). 

His preliminary data demonstrated that combining- sodium hypochlorite and taurine 
N-monoehloramme at tow concentrations appears to have potential as a novel topical 
anti-infsiarnrnatary adjunctive therapy for managing chronic periodontal disease. It 
will be interesting to see follow up data from controlled studies using this novel 
combination. 

Whilst non-surgical periodontal therapy is efficacious in the majority of patients with 
mild to moderate periodontitis, those with severe disease at several sites respond less 
predictably. Given the widely accepted role of an aberrant host inflammatory- 
immune response in causing the majority of tissue destruction in periodontitis, host- 
modulating therapies have a key role to play as therapeutic adjuncts in the future. 

T here is some data in the literatrrre on the role of ; : eoneentrated s " sodium hypochlorite 
solutions improving clinical outcomes in periodontal therapy, but data, on attachment 
gain (the gold standard outcome measure) is limited and unconvincing. 

The; cov.nhuiat.iou of sodium, hypochlorite (40mM) and taurine Nouonoehmraniine 
(300aM) is novel and may provide synergistic fceneilts,. when used topically as an 
adjunct to non-surgical periodontal therapy. Further investigations of the dynamic 
interactions of these two molecules and their effects upon the periodontal connective 
tissues and inflammatory-immune response may lead to now approaches to 
periodontal therapy, based upon modulation of the host response. I am unaware of 
this combination of molecules being used for ibis purpose to date, other than by Dr 
Mainnemare and colleagues. 




Professor Iain L. C. Chappie 



The last General Assembly was held 
In Florence on Saturday 24 February. 
2007. 

Members of the Executive Committee and 
the General Assembly met at Convitto 
della Calza a conference centre In the 
historical centre of Florence. Originally a 
14th-century cloister, it is frescoed with 
masterpieces such as Francibtgio's 
"Jesus Last Supper". The culture "and 
tradition of this fabulous ambiance ottered 
the appropriate atmosphere for collective 
work, which was greatly enhanced by the 
excellent organization of the Italian 
Society of Periodcntoiogy. 

Among numerous items on the 

Agenda were: Reports from the President, Secretary General, 

the Treasurer; and the Chairmen of the standing committees. 

The new Secretary General Dr. Baehni presented an action 1st 
for his mandate; He focused on: improving management 
aspects (legal accounting, administrative); Improving 
communication with the national societies (keeping them 
Informed regularly on EFP current activities): meeting with the 
boards of the national societies; changing the format of the GA 
to allow more participation from national societies (providing 
reports, documents in advance) ; developing undergraduate as 
well as continuing education: developing and implementing 
strategies to increase visibility of the EFP; developing 
awareness and preventive campaigns addressed to the public, 
working In a partnership program with Industry. 
Many issues were addressed, discussed and approved 
: jn..pa:ticular. the significantly prominent items at this General 
Assembly were the Strategic Planning process which the EFP 
has undertaken during the last year with the guidance of 
Prospectus, a specialist healthcare consuming company. The 
vision, the strategic objectives and action plan of each 
objective identified in the process were presented. Following 
this presentation. Prospectus consultants facilitated a short 
i^ssion with the General Assembly to collect some initial 
feedback on the strategy, it was agreed that the Presidents and 
EFP delegates bring the discussion of the Strategic Planning 
process to their own national societies, collect the feedback of 
their members on the overall Impression of the strategic plan, 
the vision and the strategic objectives arid send a written report 
on the Strategy to the EFP. The feedback iron; ail o! the 
societies Will be summarised and presented to the Executive 
Committee to;- consideration at the September meeting. The 
feedback will be studied and amendments will be made" to the 
strategy If required. The revised plan will be presented to 
the General Assembly tor approval m February 2008. 

Edwin Winkel completed his mandate as EFP 
xlreasuren T|pp$ warmly thankee him lor his 
great contribution. The EG recommended 
m Chappie for this position, 
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Executive cornnvti ee at the franciabigh Hail. 

stressing his expertise as past-treasurer of the British Society of 
Periodcntoiogy, The proposal was unanimously approved by 
the General Assembly. 

Israeli Society of Periodontology was accepted as full member 
of the EFP/ Israel belongs to the 53 countries of the Europe 
zone according to WHO. 

At the end of the General Assembly. President Plerpaolo 
Cortelilni offered a token of our Federations deep appreciation 
and gratitude, to Morten Klepp and Edwin Winkel for their 
valuable contribution to the success of the Federation as 
tireless and highly Knowledgeable I Members o1 the • Iff :;;; 
Committee. 

The President of the EFP. Dr. Plerpaolo Gorteiiinl. 
expressed his gratitude, and that of the EFP. to the 
Italian Society of Penodontoiogy, and In 
particular to Dr, Giovanni Gag hard: for the 
excellent organisation which greatly 
contributed to a very successful and ; 
enjoyable General Assembly: "' 





Dear mnds and ceiieagues, 

As the newly elected President or the European Federation of 
Periodontology I war;: [q thank you ail lor your support confidence and 
friendship. 

! will if y ro serve the federation in the continuity of my predecessors in 
providing intellectual input but also strengthening the efforts in order to 
hie; our mission to be the driving force oi Periodontology iri Euiope. ! are 
very pleased, that i have a group of fantastic friends around, who are a!! 
inspired by the same vision, which strengthens any effort 

As you may have recognized the EFP is currently undertaking majoi efforts 
to improve service and support for all member societies, eased on your 
feedback, we wili now refine our strategy 

One oi the maior goals is the official recognition oi Periodontology as a 
specialty on the European level. This Is a common task and i want to ; \ 
encourage everybody to use ail influence, to give us hie opportunity to 
achieve this in short time. 

Exciting new research results anci research Initiatives will help us on this 
way arid are very much welcome. So please keep us updated on the 



developments In your countries, so thai we can circulate the information 
arid help each oilier. We are looking forward to another iilmgen Workshop 
which : under the umbrella of the EFP will again oe organized oy Klaus 
Lang. I am pleased and very thankful, that Klaus has taken the burden of 
the organization for. another time and I am sure that this will create new 
Knowledge and contribute to the strength of our federation. 

Everybody is aware that m some oases periodontitis is cured Ivy tooth 
extraction and implant placement. We must educate our young 
colleagues, that in many cases natural teeth are the better alternative and 
any efforts should be undertaken to keep the own dentition Host response 
arid inflammation are not excluding implants 

The voice of the European Federation is highly respected and together 
With our friends In the American Academy we will raise it in order to 
achieve our commitment, which is in the constitution of our federation 
to Improve periodontal health in Europe and on a world-wide level 

I hope very much, that during my presidency we can make further 
progress and follow the pari a which has been led by my dear five 'ids and 
previous presidents. 

Jom M&jie > >> President of the European f^Jerotion of Fencdontology 
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Periodontology Is currently considered a formal dental speciality in 11 
countries belonging to the EU however it lacks this legal status in the other 14 
countries. EFP has approached the EU to rectify this situation and obtain 
acknowledgement throughout the EU. 

The position paper Periodontology as a recognized dental speciality in 
Europe, by Mariano Sanz, Ubele van der Velden, Daniel van Steenberghe, 
and Pierre Baehni published in JCP in June 2006 was a very good initiative to 
provide evidence for the need for a recognized specialty In Periodontology at 
European level This paper focused on both the educational and professional 
perspective, with the hope of providing discussions that may contribute to 
facilitate its legal establishment as a new dental speciality in Europe. Uros 
Skalenc, chairman of the «ad hoc committee for the recognition of 
Periodontology as a Speciality^, reported on the actions taken on the part of 
the EFP towards the EU and the Council of European Chief Dental Officers 
(CECDO). 

The response from the European Commission Internal Market and Services 
Regulated Professions was that European Directives still provide for automatic 
recognition for the two specialities In orthodontics and oral surgery and It 



maintains the procedure for the inclusion of additional specialities in the 
system of automatic recognition. This means that there is no simplified 
procedure (like the one applicable to medical specialities} to introduce 
additional dental specialities In the system of automatic recognition of denial 
specialities. The only possible procedure to do so would be to amend the 
Directive Itself through a new legislative co-decision procedure (i.e. the same 
procedure as for Its adoption which means adoption by the European 
Parliament and by the Council of Ministers). 

The response of the CECDO was that they fully agree and support official 
recognition of Periodontology as a dental speciality. However since this 
relates to the organisation of the delivery of care of each country the official 
recognition of individual dental specialities should be the responsibility for 
each country to decide taking into account its specific national 
circumstances. 

Therefore, Dr. Skalenc and Dr. Sanz recommended that national societies 
pursue the process of recognition of the speciality at national level. It Is crucial 
to design a good strategy. Mariano Sanz reported about the work done with 
other specialities to produce a document to approach governments. 




Dear EFP Member 

Under the guidance of Prospectus, a professional consulting company 
sign if rait progress in the Strategic Planning of the EFP has been achieved this 

or the Federation. This dose collaboration strengthens our Federation and 
makes sure that the voice of European Penodontoiogy is strong and highly 
respected 

Although the recognition or the periodontal speciality is a slow procedure, a 
positive step forward was made With the publication of the position paper 
Rvrrodoubbgy as a recognized Denial Speciality Iri Europe, prepared by 
Mariano Sanz. Ubele van v der veidem Daniel van Steenberghe, and Pierre 
Saehm. The paper which was published by JCP m June 2006. clearly identifies 
the need tor a recognized specialty in Periodontology and we are confident ir will 



dental speciality throughout Europe. 

Further efforts are also being made rewards the development, and 
implementation of a strategy to achieve this important goal. ' 
The EFP News aims to serve you by Replug you all up- to -dare on the efforts 
arid projects being undertaken by the Federation. Another impvaaut task of thru 
newsletter is to inform all our members about future events in the fields of 
periodontology implant dentistry and other peuo related issues 
The continuous contributions of news and articles from the National Societies 
are vita! for- the dissemination of Information to ail our members I would like to 
thank all those colleagues who have spared the time and effort to cor ifribufe m 
making the Err 0 news interesting. Informative and pleasurable to read. As 
always, we welcome your news, views, and suggestions so that the EFP News 
can continue to keep you all advised of what fe happening In our Federation, 
The future Is looking very bright indeed;.. 

. \\.\\\\SNNWV.V. ........ . \ , s * ,V»W.-.V.'.V.V 

Joanna Kommo »>£ titer of the tFF News 
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! reasurer from 2001, Edwin has been; one of 
the Key players in the development of the EPF. 
His participation commenced at the Pans Euro 
Disney meeting in June 1992 when he was 
proposed as a Member of the Europe: iol 
Organising Commiitee and was appointed 
Treasurer of Europe: iol and 2 Since then 
Edwin has selflessiy devoted his time and 
energy towards the advancement or the 
Federation in many key areas over the years. 

Edwin has actively participated in crucial EPF- issues, particularly: the 
organisation of the EuroPeno Congresses, and conducting aii 
negotiations with the Brussels lawyers for legalisation or the EPP as 
an AISBL: (European non-profit making scientific association). 

Edwins most recent contributions include the founding of the EEIG 
(European Economic interest Grouping): Legalisation pertaining to 
the PEP and. valuable input unto securing financial stability for the 
Federation, 

Edwin is still actively contributing more and more to the EFP in his role 
as Treasurer tor EuroPeno6 : which is scheduled to take place In 
Stockholm 4-6 June 2009. 

Apart from his substantial involvement with the PEP as Treasurer 
Edwin holds many other important posts. He has been Clinical 



Instructor and Lecturer on Post Graduate, courses: on Periodontoiogy 
at the Academic Centre for Dentistry (ACTA) (1986-1994) in 
Amsterdam, State Examiner at the School for Dental Hygienisis 
(1989-1994). in Amsterdam : Edwin has served as President and 
Treasurer or the Dutch Society or Periodontoiogy was Founder arid a 
Board Member of the European Association for Csseolnfegratiou, a 
Member of the Advisory Board of the Dutch Society of Periodontoiogy. 
arid a Member of the Past Presidents Committee of the Dutch Society 
of Periodontoiogy to name a few. Currently he is associate professor 
at the Academic Centre Oral Health, University Medical Centre 
Gromngen. 

Edwin has lectured extensively at a national and international level 
about systemic antibiotics, oral malodour and implant dentistry He is 
author of a great many publications and is Editorial Board member of ; 
many periodontal journals. llllllllllllllllllllllllr 
Edwin Winkel on behalf of the European Federation of Periodontoiogy 
and all your friends and colleagues who have enjoyed working with 
you over the years thank you for your fantastic contribution to the 
administration and for your dedication, friendship and support over 
the years: you have worked so diligently for the EPF 

■While we are sad to bid farewell to Edwin, his post is being tilled bv a 
worthy successor, lain Chappie, who will be devoting his efforts to the 
continuation of r-dwms fantastic achievements. 



Italian Society of Periodontology 

The main mission oi the Karen Society or Periodontology is to 
promote the prevention and the diagnose of diseases of the 
parodontal tissues Furthermore the funotionai and aesthetic 
rehabilitation, including through implant procedures, is an 
important goal of our therapies as improvement of the way of life. 
Side is devoted to promote scientific research arid continuing 
education programmes in Periodontology, impiantoiogy and In 
related ryiedleahbioiogicai disciplines by means of grant arid 
research prize computer :s. 

ommabm. ;&d?nzh* fosss 

may relate to oriainai basic, laboratory or clinical 
(clinical trials or j 
Innovative surgical techniques) provided they pertain to all 
aspects of periodontal and 
implant biology and clinical practice. 

The two winners, one for basic research and one for oiimcar 
research, will be awarded the fr:hl|||i|l|i; 
"Henry M Goldman" prize arid 2000€ in casts 

cfocseacs; se ess vaes> sssveaa.:; os " : 

ihe wmner will be to participate to the scientific research: 



programme dor two years inoa 
selected venue for the next period 
University of Madrid 



university "he 
vill be the 
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'Tne prize will be awarded every year at the meeting of the 
Teaching College in Dentistry The scientific commission will 
select five nominees who will participate in the final competition. 
The finalists will present their works in a 20 minutes oral 
presentation. The winner will receive a monetary prize award of 
i000€ together with the pubiication on the web site of SldP 



flff!!; Gouoaoo me-r 

The Italian Society of Penodontology is pleased to announce the 
Scheie CagicSaeo Prize eenspetion dedicated to students and 
uates In Dental Hygiene : ; :Tlllllllllll|:::l 



grade 
the p 



prize is reserved to the best coster presentation and will be 
awarded at tee Side National Congress 6-8 March 2008. 
The winner will receive a monetary prize award of 1000€. 
vaformaf:en ai k0^dpMM at the web she www:m:M. 



EFP Prize for Graduate Students in EFP approved Graduate Programs 



ihe EFP Research Committee calls for candidates m trie Graduate 
Research Prize competition. The prize is awarded once a year and 
is open to all graduate students of the FT? approved graduate 
programs 

Trie research work must have been published between January 
and December of 2007 in the Journal of Clinical Ponodomology. or 
in another internationally recognized peer reviewed journal 

The deadline for manuscript submission is 2 : January. 2006 

Original research articles should be sere to the 
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The winners will receive a rnonetarv prize award or S000€ tor the 
1st prize and 500€ for trie and ouzo together with an Award 




A New Era of Relationship with European Periodontoiogy 
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The Gothenburg meeting coincided with the 4th 
North Sea Conference. During the June meeting 
it was agreed that the Committee for Promotion of 
Research consisting of Gil Aicoforado and Michel Brecx was 
assigned to investigate the research grants that may be 
available in Europe, and the committees which could be 
approached. 

A logo for the EFP was agreed upon from the three designs 
suggested by the Scandinavian, Swiss and British 
representatives. This new logo was incorporated Into the 
EuroPerio 2 logo. The logo was also sent to ivlunksgaard 
Publishers who then modified the front page of the Journal of 
Clinical Periodontoiogy accordingly. 

At the December meeting the membership of the Post- 
Graduate Committee for the inspection of the Post-Graduate 
Programmes was finalised. It was confirmed that Ubele van 
de Velden be appointed as Chairman of the Post-Graduate 
Committee (Pierre Baehni, Lavinia Flores de Jacoby, Mariano 
Sanz). Prof. Van de velden advised that he would prepare a 
comprehensive questionnaire appropriate for EFP use in 
evaluation of Post-Graduate Programmes. 

On setting criteria for membership of the EFR It was also agreed 
that a Sub-Committee be formed consisting of Jean Louis 
Giovannoli, Mariano Sanz, Pierre Baehni, Lavinia Flores de 
Jacoby, Ubele Van der Velden, David Hillam to examine all 
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aspects of the process by which 
admitted to membership of the EFP. 



new countries could be 



The first EFP Directory of Periodontists and Dentists with a 
special Interest in Periodontoiogy was completed and 
presented by Lavinia Flores de Jacoby This directory would 
facilitate the referral of patients with periodontal problems and 
It was agreed that the list should be updated in November of 
each year. 

Submissions had been received from the British, German and 
Swiss societies for EuroPerio 3 to be held in Glasgow, Munich 
and Geneva. Following short presentations from Isobei 
Madden, Joerg Meyle and Pierre Baehni, the proposal of the 
Swiss Society of Periodontoiogy was voted to host EuroPerio 3 
in Geneva, 7-10 June, 2000. Pierre Baehni was appointed 
Chairman of EuroPerio 3, Ubele van der Velden the Scientific 
Chairman and Jean Louis Giovannoli the congress Treasurer, 



»>>6th Cumpeo/i Workshop on Pe/fodonto%c/ 



The 6th European Workshop on Periodontoiogy which Is organized 
by the European Academy of Periodontoiogy Workshop Committee, 
will he held from 2-6 February 2008 in Charterhouse at Ittingen, 
Switzerland 

The workshop is supported by an educational grant of 
Straumann. The Scientific Programme Committee comprises 
Niklaus Lang, Chair, Jan Lindhe, Mariano Sanz, Maurlzlo Tonettl 
and Denis F. Klnane. The main theme of the workshop is 
Innovation and Periodontal Practice comprising 5 working 
groups. 



The following topics will be addressed: 

* Innovations In non-surgical periodontal therapy 

* Periodontal tissue engineering and regeneration 

* Critical Issues in bone regeneration and implant therapy 
- Perl-implant infections 

* Periodontal diseases and health 

The proceedings of the 6th European Workshop on Periodontoiogy 
2008 will be published by Blackweli Munkscaard as a Supplement 
to the Journal of Clinical Periodonioloay 
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f Annua! Meeting of the Austrian Society of Periodontology 
' ""I St. Wolfgang, 19 -21 April 200? 



This year, more than 600 doctors and assistants greeted the President of 
the GR Dr VV Muller The consistently growing number of members proves 
the unbroken popularity of this major event. 

The motto assigned to the 16th Annua! Meeting of the Austrian Society of 
Periodontology by the coordinators of the meeting Dr. W. Wadsak and Dr. 
K. Charvat was Periodontology pure. 

At 21 workshops and parallel lectures on various subjects and areas of 
knowledge, all attendees were able to acquire valuable knowledge. The 
meeting was organized with extensive effort. Opportunities for practical 
training were offered in a large number of courses, such as practical 
Improvements in restorative periodontal surgery in keeping with the state 
of the art. Advancements in debridement by the use of manual and sonic 
instruments, surgical assistance, photographic documentation and many 
other subjects were also presented. 

Renowned specialists from Austria, Germany Switzerland and Belgium 
lectured simultaneously In several halls. To cite a lew of these stellar names 
In their respective fields: Prof. Dr. M. Quirynen, Leuwen (B), Prof. Dr. U. P 
Saxer, Zurich, Prof. Dr. J. Meyie, Prof. Dr. A. Mombelli, Prof. Dr. Stefan 
Zimmer, Dusseldorf, Priv. Doz. Dr M Christgau, Dusseldorf, Dr. VV. Bengei, 

The spectrum of offered subjects included introduction to dental 
prophylaxis, periodontal surgery associations with genera! medicine, 
antibiotic treatment, cessation of smoking, care of patients undergoing 
chemotherapy and those with Alzheimers disease to name a few. 

Live operations were a. special highlight this year as well Dr. Wachtel of 
Munich demonstrated, in a fully equipped in-house operating room, several 
procedures including his newiy modified tunnel technique of recession 
coverage, and a!so explained the procedure. In the coming issues we will 
inform our members about new aspects and details of these lectures. 

The main focus of the traditional and highly popular social evening at the 
Circus Circus was the Million Zahnt Cent Show The professional master of 
ceremonies was Dr. A. Mory. The winners were pleasantly surprised by the 
significant sums of money awarded as prizes. 

Those who were not inclined to spend their breaks under the warming 
sunshine of the WoSfgangsee and Its surrounding mountains, still coated 
with a gentle layer of snow, could use their breaks to inform themselves 
about the most innovations in dental products at the extensive exhibition 
that accompanied the meeting. 

At the OGP stand one could obtain Information about the European Dental 
Association (EDA) and its options of specialization. 

A new feature at the Medical University of Vienna is a postgraduate 
University course culminating in a Master of Science degree, which can be 
attended parallel to employment and will be offered from the summer 
semester of 2008 onward. The Austrian Society of Periodontology 
promotes and supports this additional training course and would like to 
encourage its own members to avail themselves of this opportunity. 

For further Information go to: www. paromaster.eu or www.oegp.ai 



News of British Society of Periodontology in 2QQ? 



Spring Scientific Meeting of the 
British Society of Periodontology 
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* It is with great sadness tmi fte BSP 
announces the passing of 3 
longstanding members of the Society: : 
this year Dr John earned BSP President 
1977-76 and Honorary Member Dr Dick 
Veldkarnp who vvas oadened honorary 
rmambeaaio In 1983 arid Dr Sinai I. : ; 
Mckenzie, 3SP President 1968-69. Full 
obituaries vviij appear in the next Issue of 
BSP News this winter. 
- The BSP has undertaken a major : 
market research exercise into 
undergraduates and newly qualified 
dentists attitude towards periodontics as 



3 specialisatiai and this project is now 
hearing completion Results will be 
published in due course. : 
- The British Dental Hygienisis 
Association has now changed its title to 
The British Society of Dental Hyqiene 
and Therapy (BSDHT), reflecting ; 
changes in hygleni st/tr :erapy training In 
the UK iwww.bsdht.ery.uk). 
* The next issue ol BSP Mews wili.be. 
available in January 2008. 

Philip 



: I he BSP meeting held on ICS 11 May 2007 in the superb Edinburgh 
international Conference Centre stands out in memory as one of the 
great BSP raced ws. The theme fp; the fTieeting was weiiodontoicwy 
true hater Asam. ( professor ilaaoii Fapapanou (Columbia University. : 
New York) gave the first presfeht#k:>h on the epidemiology of 
periodontitis in we elaedy emmrmsawg the penodoi dal irripiicatiowe 
of aging populations retaining more teeth . : On Jonathan • Bodansky' 
ills Genera; Infirmary) gave an mMMMM talk m lllll 



we should all be awaie of the undiagnoses! oraaell patient sitting in 
our denial chair. The epidemiological research iiiild periodontal 
disease and diabetes was trier: roviewed by Professor Phoebus 
Macianos OJuwewoty of Athens), ana tins was fallowed ay a ieeiure 
from Professor avanth;a Lalia (Columbia University; lei York) that 
considered the mechanistic links between these two conditions, 
lavdessor fTaoananou then retauasd to axe a stimulating discussion 
or- ||| factors for aggressive periodontitis including a thought 
provoking assessment of the difficulties that we face when trying to 
interpret the; diagnostic entere, for aggressive periodontitis as 
presented in || : 1899 World VAAwKsbop on periodontal disease 
classification Trie effect of sex homwmes or: the p>eriex:ior?ral tissues 
was then reviewed oy Dr Phriip Preshaw (Newcastle University), who 
Identified the dearth of quality research 1 this area' Professor Robin' 
Seymour (Newcastle University) gave the fine! presentation on the fust 
clay of the conference a review of the problem of drug- induced 
gingiva; overa-owta In : whrch he empfwwvsea the need for good 



taking these drugs. 

The conference dinner was held at the spectacular Museum of 
Scotland in the cite The second day opened with Professor Angus 
Walk: (Newcastle University) who delivered a fascinating lecture on 
restorative considerations U the elderly; emphasising the importance 
of prevention and planning for failure He raised tine pertinent point 
thai the dm inl aw of elderly depends on vow own ago, arid is 
generally reckoned to mean someone who Is at least 15 years oldei " 
than you aval ))|1||1|||||1|1^ 

Professor Rev awe; (Newcastle University; them crave a thought; 
provoking lecture wtbgulriglv entitled Metabolic syndrome badge of 
success for the huntengathereU? Ties excellent talk ranged from 
maw-si Lav ah whom geese were wee iao grain to make fe>w- gras ra 
a veiy imiiai manner to today (with Professor Taylor asking trie 
question of whether modern humans with their evoess woe iaaaww 
are m fact vow smbes to these forc.e fed goosey to present day 
generic awevsea to identify genes that increase ma for diabetes, to 
fir presenting a solLfcon to combat both he- or jrrent diabetes 
epidemic arid problems ci carbon omissions namely transport (I.e. 
we should all be waiUng or cycling saws more rathe;" than dm/ma; 

Tea links between diet ana pegodontal disease were then explored 
toy Dr maw; tdoynihan • Newcastle University), and associations 
between rwai iocioraal disease and cardiovascular disease and obesity 
||i r|||||i by |r; II1IH ||||| (Boston |||||lf|. Dr §if§ 
iVIilward (Birmingham University} reviewed the impact of age on 
periodontal sralaimtroafora iesponses. ano fee final lectirre of the 
confer er'ice was delivered with typical humour and authority by 
Professoi Marti;-! Aduv (Bristol University) who considered trie 
difficulties of treatnwwt nwaaug ;n aider patients. These lectures 
concluded a really outslhdk : )g BSP conference In an outstanding 
conference venue in a fabulous location, with a sparkling array of 
ewwUenh iweraakonallywwwwued speaker;: 
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1st June 2007 The EuroPerio 6 committee presented the congress 
organisationai plan to the industry ;n Stockholrr?. More than 50 

from Swedish andJniernallonal companies auencieq this 
gathering Dr. Stefan Renvesl presented me layout of the congress and 
Dr. Sandro Corlellini the highlights of the scientific program. Their : 
preseniaiions were followed by Dr Edwin W:nKei woo presented the 
sponsors dossier and Dr. Ola Moderyd the promotional plan in Sweden. After this, the delegates v^ied the venue 
guided by the committee arid representatives of the venue, Finally: the delegates attended a lunch ottered oy the 
Err m Rica Talk Motel, i he feedback was exuernely positive. The participants expressed great willingness io 
participate actively in DurdPerlo 6. . ■ i i i . . dyc|||||||||| 

Saturday 2r-d June the committee met to work on the scientific program, promotional plan, commercial exhibition 
and sponsorship program. The committee wants to thank all you m the national societies for vow contributions to 
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i Chairman: Stefan Renveri ' hivy:t::y:r::y:||||;: 
Scientific Chairman: Pierpaolo Corfellini 
. irea surer: Edwin Winks! 







Congress Committee Chairman: Jean Louis Giovannoli 
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Chairman: Ola Norderyd 
Members: Anet.te Birnbaum Gunnel Manses, 
lilllil hlerdevalk Sprn Kunga 
Roland Svensson. Anita Wiikstrom : : 





The AAP offers intsrrsation^i arr^rnb^rshlp to any dentists residing outside of toe Unfed States and Its territories who are 
in the art and science of periodontoses* and who are members of a recognized national derm association in 



Membership applications are accepted throughout the yean You can compete a membership ^pScatfion online at: 

■ promotion code: and your $50 initiation fee yM be 
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Venue: iaieinalionai Canvenfion Centre. 
Birmingham. UK 

Tiiie: BSP: Success in Periodontics ^ ; 
BESiDefinitiye Endodontic Therapy: Essentia! 
'technique Principles 
BSRD.Aesii^ncs Vs Ccsmeircs ; 
BSSPD. Removable But Not Yet Redundant 
Joint day Treatment Planning A^essmeni 
Of The Mutilated Tooth/Denij-ion. 
infvimat'on: wvoo.ponder:ui2007.org 
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Venue; Boiogna, Italy 

Tiiie: Meiodoiogia in Parodontcbqia ed 

impianlologia 

information: mw.sidp.it 
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Vanna Meeting; of ihe &ii&h Society 

Venue. West Road Concert hall. 
Cambridge, UK 

Ttie. Confusion. Confounders and Compliance 
information: vovvy.bspeno.org.uk 
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Venue: Paacio Eua^iduna - Bilbao Spain 
infornicUion. vvAV.sepo.es 
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L...JJ Meetina at :he r ranch ana ihe 
Belgian Genia^a. a; Peuodcx:toiagy 
Venue. La grande moite. 
Tiiie: Engraved in the lime 
Information: woo.sfpD.ro.org 




EPFs new web site will be shortly available at www.efp.net 
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In August 1987 the first activities aiming to the creation of a 
platform for the co-ordination and the smprovement sn the field of 
periodontology started. 

During the 4th meeting in May 1990 in Maastricht, which was 
presided by U. van der Veiden, a constitution including the ruses 
of procedure for the EFP was put up and discussed, it was 
agreed on the organization of a European Meeting in May 1994 
in Paris. 

Besides three very successful conferences (Europerio 2 with 
more than 3500 participants and Europerio 3 with 4000) the EFP 
succeeded in the invention of standardized European guidelines 
for student and postgraduate education in the fieid of 
periodontology. 



Upcoming 

;x ><Nj Dutch congress of periodontology 
;<CK*: EFP Meeting 
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mSuKS Europerio 2009 in Stockholm 
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1 84 Research Prize 

European Workshop on 
Periociontoiogy 

The Jaccard EFP Research Prize 
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J Dent Res 83(1 1 1:823-831, 2004 

ABSTRACT 

Chronic periodontitis is a multi-factorial disease 
involving anaerobic bacteria and the generation of 
an inflammatory response, including the 
production of metalloproteinases, pro- 
inflammatory cytokines, and eicosanoids. 
Hypochlorous acid (HOC1) and taurine-N- 
monochloramine (TauCl) are the end-products of 
the neutrophilic polymorphonuclear leukocyte 
(PMN) respiratory burst. They act synergistic ally 
to modulate the inflammatory response. In the 
extracellular environment, HOC1 and TauCl may 
directly neutralize interleukin 6 (IL-6) and several 
metalloproteinases, while HOC1 increases the 
capacity of a 2 -macroglobulin to bind Tumor 
Necrosis Factor-alpha, IL-2, and IL-6, and 
facilitates the release of various growth factors. 
TauCl inhibits the production of inflammatory 
mediators, prostaglandins, and nitric oxide. HOC1 
activates tyrosine kinase signaling cascades, 
generating an increase in the production of 
extracellular matrix components, growth factors, 
and inflammatory mediators. Thus, HOC1 and 
TauCl appear to play a crucial role in the 
periodontal inflammatory process. Taken together, 
these findings may offer opportunities for the 
development of novel host-modulating therapies 
for the treatment of periodontitis. 

KEY WORDS: periodontitis, hypochlorous acid 
(HOC1), taurine-N-monochloramine (TauCl), 
cytokine, inflammation, healing. 
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A supplemental appendix to this article is published 
electronically only at http://www.dentalresearch.org. 



Hypochlorous Acid and 
Taurine-N-Monochloramine 
in Periodontal Diseases 



INTRODUCTION 

In an aging population, chronic periodontitis represents a significant and 
I growing health care burden, despite continuing improvements in dental 
care. Chronic periodontitis results from complex interactions between an 
aberrant host response and the plaque biofilm, and evidence is mounting to 
support the contention that the substantive contribution to tissue damage and 
bone loss results from an exaggerated host response. Connective tissue 
alterations arise following host-derived enzyme and oxygen radical release, 
in response to bacterial toxins and their stimulation of inflammatory 
mediators. To date, therapeutic strategies have focused on the physical 
reduction of the microbial challenge by either non-surgical or surgical 
approaches involving relatively generic, non-specific strategies that ignore 
the unique inflammatory-immune phenotype of the host. Part of the reason 
for such an approach relates to our currently limited understanding of the 
complex mechanisms that underlie the host response. 

In some individuals, susceptibility to periodontitis results from altered 
neutrophilic polymorphonuclear leukocyte (PMN) function or recruitment. One 
aspect of altered PMN function is that of the production and release of reactive 
oxygen species (ROS), such as hypochlorous acid (HOC1). HOC1 and taurine- 
N-monochloramine (TauCl) are end-products of the PMN myeloperoxidase- 
H 2 0 2 -C1 2 system. To date, therapeutic use of NaOCl (HOC1 sodium salt) and 
TauCl solutions in periodontitis has not been considered. However, low 
concentrations of both molecules are associated with compromises in anti- 
infection defenses, antigen neutralization, and regulation of the inflammatory 
reaction (Marcinkiewicz et aL, 2000; Kontny et al, 2003a; Reeves et al, 2003). 
Experimental studies suggest that HOC1 and TauCl influence redox-regulated 
cell processes, including modulation of receptors, signaling pathways, and gene 
transcription (Gopalakrishna and Jaken, 2000; Midwinter et al, 2001; Schieven 
et aL, 2002; Kontny et al, 2003a). Thus, although never previously recognized, 
HOC1 and TauCl may be of potential benefit as adjunctive therapies for 
periodontitis patients. The objectives of this review are to discuss in detail the 
possible roles of HOC1 and TauCl as novel therapeutic agents, and their likely 
involvement in the pathogenesis of periodontal diseases. 

CHLORINATION AND OXIDATION PROPERTIES 
OF HOCI AND TAURINE CHLORAMINE 

HOC1 and TauCl are end-products of the PMN respiratory burst. HOCI 
results from the myeloperoxidase-catalyzed reduction of hydrogen peroxide 
by chlorine. HOCI reacts thereafter with its specific intracellular scavenger 
and powerful reducing agent taurine to yield taurine N-chloramine (TauCl). 
HOCI and TauCl may also chlorinate amino groups of proteins and amino 
acids, to produce N-chloramines (Appendix 1). Oxidation reactions are 
more rapid than chlorination reactions and involve thioether and/or thiol 
groups of proteins (Peskin and Winterbourn, 2001). The oxidative properties 
of HOCI (non-specific) and TauCl (specific) explain their capacity to 
modulate the inflammatory response (Appendix 2). 

823 



824 



Mainnemare et al. 



J Dent Res 83(11)2004 



EFFECTS ON ANTIGENS AND HOST-DERIVED 
MEDIATORS IN THE EXTRACELLULAR 
ENVIRONMENT 

Direct Antibacterial Activities 

Chronic periodontitis results from an enhanced bacterial 
challenge within periodontal pockets and the release of harmful 
endotoxins, including lipopolysaccharides (LPS) and 
gingipains, which may be neutralized by HOCl-induced 
oxidation and/or chlorination (Kontny et al, 2003a). 

Within physiological concentration ranges, HOC1 has, in 
vitro, an immediate and highly effective microbicidal activity. 
HOC1 induces irreversible oxidation of various bacterial 
respiratory electron transporters (Priitz et al, 2001). TauCl 
mainly generates time-dependent and extended bactericidal 
properties, which are significantly enhanced within an acidic 
environment (pH 5) (Marcinkiewicz et al, 2000). Moreover, 
HOC1 and TauCl may repulse some motile bacteria, especially 
those with flagella and gliding properties; however, the 
mechanism of this repulsive activity remains unclear (Liu and 
Fridovich, 1996). HOC1 and TauCl- chlorination of proteins, or 
the proteinaceous part of antigens, increases their 
immunogeneity, which promotes the presentation of these 
proteins by antigen-presenting cells (APC), such as monocytes, 
macrophages, or dendritic cells (Kontny et al, 2003a). HOC1 
and TauCl-mediated PMN chlorinating activity also plays a 
role in PMN- macrophage interactions. Chlorination of antigens 
selectively promotes the non-specific immune response against 
Gram-negative periodontal pathogens, and reduces the response 
induced by Gram-positive bacteria. This affects antigen- 
phagocytosis- activated production of inflammatory mediators 
by macrophages, but the mechanisms involved remain unclear. 
Thus, chlorination of endotoxins (such as LPS) released from 
Gram-negative pathogens does not affect the secretory activity 
of the macrophage, whereas chlorination of Gram-positive 
bacteria-released antigens does significantly affect macrophage 
secretory activity. The release of nitric oxide and Tumor 
Necrosis Factor-alpha (TNF-a) is decreased, while 
phagocytosis and Interleukin-6 (IL-6) production are preserved 
(Marcinkiewicz et al, 1994), but underlying mechanisms are 
still to be elucidated. 

In addition, some harmful exotoxins may undergo 
oxidative-neutralization. Thus, HOCl-induced oxidation of a 
crucial cysteine residue of the active site of the gingipains Rgp 
and Kgp (2 cysteine proteases of Porphyromonas gingivalis) 
may reduce their potentially harmful activity on the periodontal 
tissues (Curtis et al 9 2001). 

However, most of these biochemical activities generate, in 
vivo, a loss of HOC1 and TauCl antibacterial properties, which 
results in a spontaneous neutralization of their oxidative 
activities by the enormous amount of proteins present inside 
and outside phagocytic vacuoles (Reeves et al, 2003). How 
effective the oxidation properties of HOC1 and TauCl are in 
vivo remains unresolved; nevertheless, such products of the 
neutrophil respiratory burst induce ideal conditions for 
microbicidal destruction by proteases rather than their oxidative 
killing. 

Inflammatory Response Modulation 

The innate inflammatory response is initiated by a release of 
histamine from mast cells, leading to a local increase in both 



capillary pressure and endothelial permeability. 
Simultaneously, the bacterial LPS both activates acquired 
immune response and stimulates epithelial cells, fibroblasts, 
and APCs to produce pro-inflammatory mediators (such as 
chemokines, IL-1, IL-6, TNFa, GM-CSF, matrix 
metalloproteinases [MMPs], and prostaglandin PGE 2 ), that 
stimulate (Teng, 2003): 

(1) recruitment of immune cells (e.g., PMN, 
monocytes/macrophages, and T-lymphocytes); 

(2) connective tissue destruction, due to the production of 
proteases, MMPs (such as collagenases), and Reactive 
Oxygen Species (ROS); and 

(3) bone resorption that results from Monocyte 
Chemoattractant Proteins 3 (MCP-3), Macrophage 
Inflammatory Proteins la (MlP-la), receptor activator 
of NF-kB ligand (RANK-L), superoxide anions, 
eicosanoids (PGE 2 and leukotrienes), IL-6, TNFa, 
and/or IL- 1 p-mediated osteoclast activation. 

HOC1 and TauCl possess both pro- and anti-inflammatory 
properties that may modulate the inflammatory response within 
the periodontal tissues (Fig. 1). Anti- inflammatory effects 
appear to predominate and are summarized below: 

(1) HOCl-mediated generation of histamine-N-chloramines 
may modulate histamine activity, tissue distribution, 
and metabolism within sites of inflammation (Thomas 
et al, 2000). 

(2) TauCl reduces the HOCl-mediated increase in vascular 
permeability (Tatsumi and Fliss, 1994). 

(3) Chemotactic mediators enhance leukocyte adherence to 
activated endothelium and in situ diapedesis. 

(4) HOC1 and TauCl neutralize various pro- inflammatory 
cytokines and chemokines (chemotactic factors, 
leukotrienes, TNF-a, IL-1 (3, IL-2, and IL-6), regulate 
metalloproteinases, and release activated growth 
factors. This activity is related to either a direct 
oxidation of crucial thiol or thioether residue(s) in these 
molecules or to an indirect modulating effect on the 
capacity of a 2 -macroglobulins to bind them: 

(a) HOC1 inactivates PMN-released leukotrienes, 
including sulfidopeptidic-LTC4-sulfoxide and 6- 
trans-LTB4 (Owen et al, 1987), and neutralizes IL- 
6 (Nishimuraetf a/., 1991). 

(b) In certain conditions, transforming growth factor- (3 
(TGF-p) activation promotes tissue repair and 
fibrosis. Native TGF-p consists of 2 peptides: an N- 
terminal one called latency-associated peptide 
(LAP), and the C- terminal one, called mature TGF- 
p. In a manner similar to H 2 0 2 -induced LAP 
oxidation, HOC1 may facilitate access to the active 
site of the mature TGF-P molecule, resulting in its 
activation. 

(c) Dysregulation of proteinase activity associated with 
inflammatory diseases may lead to tissue destruction 
in periodontitis. HOC1 and TauCl seem to play a key 
role in this regulation through a pathway distinct 
from that of the tissue inhibitors of matrix 
metalloproteinases (TIMPs), and appear to reduce 
the activity of proteolytic enzymes in a 
concentration-dependent manner (Fu et al, 2003; 
Reeves et al, 2003). While low concentrations of 
HOC1 activate the proform of matrix 
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Taurine 



and/or 
baotena 



Chlormation 

of 



amino groups, ancl/or 
double chains of 



metalloproteinases, 
collagenase-2, and 
gelatinase B via thiol 
group oxidation of its 
cysteine moiety, higher 
concentrations of 
HOCl inhibit MMP-7 
activation through an 
oxidative modification 
of adjacent tryptophan 
and glycine residues in 
the catalytic domain 
(Fu^aZ.,2003). 

(d) Similarly, HOCl 
inhibits collagenase 
activities, when the 
HOCl/collagenase 
ratio is greater than 40. 
Moreover, TauCl 
exerts a direct 
concentration- 
dependent inactivation 
of type VII 
collagenases, with an 
IC 5Q = 1.4 mM. HOCl 
may also inactivate 
gelatinases when the 
HOCl/gelatinase ratio 
is greater than 30, 
while it does not seem 
to inhibit them when 
the ratio is lower than 
30 (Michaelis et ah, 
1992; Davies et aL, 
1994). 

(e) a 2 -macroglobulins are 
plasma molecules that 
bind and neutralize 
proteases, cytokines 
(including TNF-a, IL- 
1(3, IL-2, IL-6, and IL- 
8), and growth factors 
including TGF-p, 
basic fibroblast growth 
factor (bFGF, also 
called FGF-2), p-nerve 

growth factor ((3-NGF), and platelet-derived growth 
factor (PDGF). In plasma, a 2 -macroglobulin binding 
affinity is higher to growth factors (with K d values in 
a nanomolar range) than to cytokines (with K d 
values in a micromolar range). Consequently, 85- 
90% of TGF-p and PDGF molecules are inactive, 
bound to a 2 - macro globulins. HOCl- associated a 2 - 
macroglobulin oxidation induces: (1) a decrease of 
protease binding, (2) an important increase of a 2 - 
macro globulin affinity for TNF-a, IL-2, and IL-6 
(K d values in the nanomolar range with a five-fold 
increase of their binding rate), and (3) a greater 
decrease of affinity to (3-NGF, PDGF-BB, TGF-pi, 
and TGF-JB2 (with a nine- or 13-fold decrease of the 
binding rate to PDGF-BB and TGF-P2, 



Taurine 
N-monochloramme 



Inactivation of 
collagenases 



Phagocyte-mediated generation of 
nitric oxide and TNF-e< 



Immune sensitivity 




Figure 1. Extracellular activities of HOCl and TauCl. IL, interleukin; (3-NGF, |3-nerve growth factor; PDGF- 
BB, platelet-derived growth factor-BB; TGF-pl, transforming growth factor pi; TGF-p2, transforming 
growth factor (32; TNF-a, tumor necrosis factor a. 



respectively). In addition, a 2 -macroglobulin reacts 
with methylamine, a nucleophilic primary amine, 
forming an a 2 -macroglobulin-methylamine 
complex, which can be oxidized by HOCl, leading 
to a decrease in the binding of various growth 
factors, without any modification of its affinity to 
the inflammatory cytokines (Wu et al, 1998). 
By contrast, HOCl and TauCl may, in certain conditions, 
exert a deleterious stimulation of inflammatory processes. In 
the defense reaction against bacteria, numerous enzymes are 
released by leukocytes into the extracellular environment, a 
mechanism that appears to be essential in periodontitis. 
Metalloproteinases — including sulfur, magnesium, iron, zinc, 
or calcium-dependent endopeptidases, such as collagenases — 
are involved in such tissue damage. 
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Table. In vitro Inhibition of Inflammatory Mediators and Reactive Oxygen Species (ROS) Production with HOCl or TauCl: Inhibitory Concentrations 
and the Experimental Models Reported in the Literature 



Inflammatory 
Mediators & 
Reactive Oxygen 
Snecies (ROS) a 


Taurine N- 
monochloramine 
(TauCl) Inhibitory 

C""n n rp n trnH r> n 

1 LCI III \M 1 \J\ I.J 


Hypochlorous 
Acid (HOCl) 
Inhibitory 

V— VJI 1 V_d III UMUI 1 o 


Fvnprimpntri Mnrlp in v/fro 

1— -A.IJCI IIIICIIIUI IVIVJVJCI III VMl u 


IXC 1 CI CI 1 LCj 


Chemokines 
MCP-1 &-2 


IC 50 ~ 500 |ulM 


/ 


LPS & INF-7 -activated rat alveolar macrophages 


Liu etai, 2003 


IL-ip 


400 |ulM 

IC 50 ~ 250 |ulM 

IC 50 ~ 300 |ulM 


/ 


LPS-activated human adherent monocytes 
Secreted IL-1 (3 by LPS-activated human PBMC b 
Cell -associated IL-1 13 by LPS-activated human PBMC 


Park et al, 2002 
Chorazy etai, 2002 
Chorazy etai, 2002 


IL-2 


400 |ulM 

IC 50 ~ 250 |ulM 


/ 
/ 


Non-adherent human leukocytes 

Mouse T-lymphocyte response to various antigens and mitogens 


Park etai, 2002 
Kontny et al., 2003a 


II .A 
1 L O 


IC ~ 900 ii M 

400 |ulM 
IC 50 ~ 250 |ulM 
IC 50 ~ 250 |ulM 
IC - "200 ii M 
IC 50 ~ 225 |ulM 
IC 50 ~ 425 |ulM 
IC 50 ~ 400 juiM 


/ 

/ 
/ 
/ 

/ 
/ 
/ 


1 st. ^\.\ \— - /^/—f i \ if* \ c\r\ murine z^^t"^ c\ v~ \\\ f c 

Lro oc iiNr y ucrivcnca murine uenuniic ctnib 
Adherent monocytes & n on -adherent human leukocytes 
Mouse T-lymphocyte response to various antigens and mitogens 
LPS & INF-^-activated mouse PMN 

1 PS-npHvnt^rl niimnn PAaNJ 
Lro ulmyuicu i iuii luii rfviiN 

IL-1 13 -activated human fibroblast- like synoviocytes 

Secreted IL-6 by LPS-activated human PBMC 

Cell -associated IL-6 by LPS-activated human PBMC 


/v\ar cinKiewicz. & KiL t 
Park et al., 2002 
Kontny et al., 2003a 
Kontny et al., 2003a 

Pnrk nl 2002 

Kontny et al., 2003a 
Chorazy etai, 2002 
Chorazy efa/., 2002 


IL-8 


400 ii M 

IC 50 - 400 |ulM 
IC 50 ~ 450 |ulM 


/ 
/ 


/-AUIIclclM 1 1 HJI HJt-YIci OC 1 HJI 1 UUIIclclll IIUIIIUII IcU IMJt-Y lei 

LPS-activated human PMN 

IL-1 (5 -activated human fibroblast- like synoviocytes 


Pnrk Pf n/ 2002 

r ui i\ ci Li/., £— 

Park ef a/., 2002 
Kontny ef a/., 2003a 


TNF-a 


IC 50 ~ 500 julM 
IC 50 ~ 250 julM 
IC 50 ~ 460 julM 
IC 50 ~ 480 |ulM 


IC 50 < 100|jlM 
/ 
/ 
/ 


LPS & INF-7-activated mouse macrophages 

LPS & INF-7-activated mouse PMN 

Secreted TNF-a by LPS-activated human PBMC 

Cell -associated TNF-a by LPS-activated human PBMC 


Marcinkiewicz ef al., 2000 
Kontny ef al, 2003a 
Chorazy efa/., 2002 
Chorazy etai, 2002 


PGE 2 
fCOX-2 oroteinsl 


IC 50 ~ 250 |ulM 


/ 


LPS & INF-7 -activated murine dendritic cells 


Kontny ef al, 2003a 




IC 50 ~ 400 julM 
IC 50 ~ 250 |ulM 
IC 50 ~ 300 julM 


/ 
/ 
/ 


LPS & INF-7-activated murine macrophages 

LPS & INF-7-activated mouse PMN 

IL-1 (3 -activated human fibroblast- like synoviocytes 


Quinn ef a/ v 2003 
Kontny etai, 2003a 
Kontny efa/., 2003b 


PGE 2 

froy-9 mRMA^ 

^VwVw/A Z. II lrvl N/-\y 




1 


il 1 p aciivcirea nurnciri riDiuiJicisr iikg synoviocyres 


kVinfm/ of n/ 900^k 
ixonrny & <ji., z.\J\jol) 


Nitric Oxide (NO) 
fiNOS aene) 


ir ~ 950 llM 
IC 50 ~ 250 |ulM 
IC - 250 u M 


1 

I 

IC 50 ~ 80 |ulM 
/ 


1 PS & INF-'V-nrtivntpn murinp npnnnhr fpII^ 

Lml \J KJL II N 1 Y UV~I 1 VUI \ZkJ 1 1 1 U 1 1 1 1 IUI 1 1 I Vw Vwd 10 

LPS & INF-7 -activated mouse macrophages 

1 PS & INF-'V-nrtivntpd mmi<;p PMN 


Kontnv ef al 2003a 
Marcinkiewicz etai, 2000 

Knntnv pf n/ 200?n 
1 x ^ — ' 1 111 1 y ci \Ji . , ^vvju 


LCL C 


IC ft - 550 llM 


IC- n ~ 100 llM 


Peritoneal mouse neutrophil PMN 


Marcinkiewicz etai, 2000 


Hydrogen peroxide 
(H 2 0 2 ) 


/ 


IC 50 ~ 80 julM 


Peritoneal mouse neutrophil PMN 


Marcinkiewicz efa/., 2000 


Myeloperoxidase 


/ 


IC 50 < 100 |ulM 


Peritoneal mouse neutrophil PMN 


Marcinkiewicz etai, 2000 


Superoxide anion 
fO -Id 


IC 50 ~ 100 julM 


/ 


PMA-activated human PMN 


Park etai, 1998 



HOCl is able to generate the same ROS inhibition as TauCl, but requires dramatic cell anti-oxidant depletion (Prutz etai, 2001 ). 
PBMC: peripheral blood mononuclear cells. 

Luminol-dependent chemiluminescence (LCL) is commonly attributed to ROS production during the neutrophil respiratory burst. The difference between 
TauCl and HOCl inhibitory titers may be explained by their differential cell uptake (Kim ef al. 1 998) and/or their biochemical reactivity and specificity. 
TauCl-induced inhibition of the superoxide anion is dose-dependent and related to NADPH oxidative inactivation. 
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(1) As mentioned above, low concentrations of HOCl may 
activate the proform of matrix metalloproteinases, 
gelatinase B, and collagenases (which hydrolyze I, II, 
III native collagens). Collagenase stimulation is 
observed only when the HOCl/collagenase ratio is 
lower than 40. 

(2) HOCl may also inhibit a 2 -macroglobulin-related 
neutralization of cell proteases, whereas both HOCl and 
TauCl inactivate the a ^proteinase inhibitor (Evans and 
Pryor, 1994; Wu et al, 1998). 

(3) HOCl may interfere with the c5 component of the 
complement cascade, which, on activation, generates 2 
fragments, the c5b fragment with antibacterial 
membrane-lytic activity, and the c5a fragment with 
PMN chemotactic properties. HOCl- and TauCl- 
induced oxidation of methionine residues in the c5 
fragment generates structural changes that result in its 
activation (Vogt, 1996). 

(4) HOCl promotes macrophage adherence to endothelium 
and enhances endothelium permeability (Tatsumi and 
Fliss, 1994). 

(5) HOCl and TauCl promote the innate immune response 
against Gram-negative bacteria (unlike Gram-positive 
species), via chlorination of antigens (Marcinkiewicz et 
al, 1994). 

In summary, both HOCl and TauCl modulate the 
inflammatory response, often in a concentration-dependent 
manner. The anti-inflammatory effects would appear to 
predominate, but the outcome of these multiple affects in vivo 
requires further exploration. To date, no clinical trials have 
investigated the effects of a HOCl and TauCl combination in 
human or animal periodontal therapy. 

EFFECTS ON MEDIATOR PRODUCTION 
AND INTRACELLULAR SIGNAL 
TRANSDUCTION PATHWAYS 

Inflammatory Mediator and Enzyme Production 

In the course of periodontitis, pathogens and their products 
induce (i) an activation of monocytes/macrophages and CD4+ 
T-helper type-1 (Thl) cells, while (ii) Th2 cell activity may be 
neutralized. This generates (i) a stimulation of IL-ip, TNF-a, 
IL-6, IL-2, and INF- 7 production, and (ii) a defective synthesis 
of IL-4 and IL-10 (Gorska et al, 2003). IL-1 and TNF-a 
release results in an intensive recruitment of inflammatory cells 
with: (1) chemokine production, including MCP-1 and the MIP 
family; (2) activation of endothelial cell leukocyte adhesion 
molecules; and (3) stimulation of both adherent and non- 
adherent leukocytes. The result is a stimulation of PMN 
degranulation, ROS production, and MMP synthesis. 
Moreover, PGE 2 production is activated. All these 
inflammatory molecules generate potentially harmful activity, 
resulting in connective tissue damage, alveolar bone resorption, 
and periodontal clinical attachment loss (Gorska et al, 2003; 
Teng, 2003). Consequently, neutralization of this inflammatory 
cascade appears crucial to periodontal healing. 

TauCl and HOCl inhibit in vitro the cell production of 
various inflammatory mediators and ROS (Table). TauCl 
significantly reduces the production of IL-lp, IL-6, and IL-8 in 
LPS- stimulated human adherent monocytes, and also inhibits 
lymphocyte proliferation (Park et al, 2002). In LPS-stimulated 



murine peritoneal macrophages, TauCl may interfere with the 
transduction signals which generate MMP-9 expression (Park 
et al, 2000). TauCl-related inhibition of MCP-1, MIP-2, IL-10, 
IL-2, IL-6, IL-8, TNF-a, nitric oxide (NO), and PGE 2 
production involves the nuclear factor kappa B (NF-kB) and 
activator protein 1 (AP-1) transcriptional pathways (Fig. 2), 
leading to partial or complete inhibition (Kontny et al, 2003a; 
Liu et al, 2003). 

Regulation of Redox-sensitive Transcription Factors 

NF-kB and AP-1 are redox-sensitive transcription factors, 
whose control has been proposed as a potentially important 
ho st- modulation strategy in periodontitis (Chappie et al, 2002). 
The NF-kB proteins are comprised of homo- and hetero-dimers 
belonging to the Rel protein family. They are responsible for 
the transcription of many genes, including those regulating 
inflammation, acquired immunity, cell-to-cell interactions, cell 
apoptosis, and proliferation. The NF-kB dimer is associated 
with an IkB inhibitory protein, which masks its nuclear 
location signal site and maintains NF-kB in its latent form 
within the cytoplasm. AP-1 is a two-gene-dependent 
transcription factor (Jun and Fos). The monomers (c-Jun, c-Fos, 
v-Jun, v-Fos, Fos, Fra-1, Fra-2, Jun-D, Jun-B, and ATF) can 
generate a homodimeric complex (Jun/Jun) or a heterodimeric 
complex (Jun/Fos). This transcription factor family is critical to 
the early genetic regulation of immune responses. 

NF-kB and AP-1 are stimulated by a specific mitogen- 
activated protein kinase (MAP-kinase) pathway. Cell receptors 
contain an extracellular binding site, a transmembrane domain, 
and a cytoplasmic domain, which exerts a catalytic kinase 
activity. Receptor-linked protein-tyrosine kinase activation 
induces a cascade of transduction signals, involving MAP- 
kinases. Briefly, the tyrosine residue phosphorylation of the 
membrane receptor indirectly induces the recruitment and 
activation of MAP-kinase-kinase kinases (MAPKK-kinases), 
mainly through tumor-necrosis-factor receptor-associated 
factor (TRAF) proteins. MAPKK-kinases are serine- threonine 
kinases. Their activation leads to phosphorylation and 
activation of MAPK-kinases, which in turn may phosphorylate 
critical threonine and tyrosine residues in MAP-kinases. MAP- 
kinases have the potential to phosphorylate other cytoplasmic 
proteins, which may activate transcription factors (like AP-1, 
NF-kB, Stat3, Gaddl53/CHOP, and the Smad family), 
inducing their translocation from the cytoplasm to the nucleus 
(Gopalakrishna and Jaken, 2000). 

NF-kB and AP-1 are activated by specific MAP-kinases, 
called, respectively, IkB kinases (IKK) and c-Jun N- terminal 
kinase (JNK). Two IKK homologues can be distinguished: 
IKK-a and IKK- (3. This inducible serine phosphorylation leads 
to a polyubiquitination of adjacent lysines, followed by a 26S 
proteasome-dependent degradation of IkB, thus releasing NF- 
kB, which translocates to the nucleus and binds to DNA. 
Similarly, for example, JNK phosphorylates c-Jun, following 
TNF-a-receptor stimulation, thereby inducing AP-1 activation 
(Appendix 3). 

NF-kB is known to regulate the production of numerous 
inflammatory mediators (such as IL-la, IL-lp, IL-2, IL-6, 
TNF-a, NO, PGE 2 , TGF-|3, and adhesion molecules) and an 
inhibitor of apoptosis proteins (IAP), whereas AP-1 regulates 
the production of some cytokines (e.g., IL-8) and MMPs. All 
these mediators and proteins are involved in periodontal 
diseases, and their physiological inhibition seems to be crucial 
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Figure 2. Intracellular activities of HOCl and TauCl. 



to periodontal tissue turn-over, and to triggering the processes 
of regeneration (Gorska et al y 2003; Teng, 2003). TauCl 
inhibited the NF-KB-related transcription of inducible nitric 
oxide synthase (iNOS) and TNF-a genes in a rat model of 
broncho-alveolar macrophages (Barua et al, 2001), and iNOS, 
cyclo-oxygenase-2 (COX2), TNF-a, MCP-1, and MIP-2 genes 
in rat cortical astrocytes (Liu et al, 2003). TauCl reduced both 
the translocation and NF-kB DNA-binding activities, and 
maintained cytoplasmic levels of unphosphorylated IkB-cx, 
probably as a complex with NF-kB (Quinn et al, 2003). The 
TauCl-induced inhibition of IkB kinase (IKK) activity is 
suspected on an upstream key kinase or thioredoxin-dependent 
redox protein. By contrast, in human Jurkat T-cells, the TNF-a- 
stimulated luciferase gene expression is NF-KB-controlled. 
TauCl reduces IKK activation at a downstream rather than an 
upstream level, in the kinase cascade. This TauCl-generated 
inhibition does not occur on serine 32/36 phosphorylation, but 
results from an oxidation of iKB-a methionine 45, yielding a 
sulfoxide residue. This oxidation is likely to induce a spatial 
structure change that masks serine 32/36, preventing 
phosphorylation, or avoids phosphorylated IkB-ql recognition 
by F-box protein and subsequent lysine 21/22 ubiquitination 
(Kanayama et al, 2002). 

The level of TauCl-inhibition for each above-mentioned 
mediator depends on NF-kB involvement in its production. 
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Furthermore, these data do not 
hide the existence of other TauCl- 
mediated inhibitory mechanisms. 
Thus, in HFLS, the inhibition of 
COX2 gene NF-kB- transcription 
(IC 50 ~ 400 |ulM) is less sensitive 
than post-transcriptional events 
(IC 50 ~ 300 |ulM), suggesting that 
the main inhibition occurs at the 
post-transcriptional level (Kontny 
et al, 2003b). In the same way, 
TauCl essentially suppresses the 
translation of TNF-a mRNA 
(Park et al, 2002). Therefore, 
TauCl has the ability to inhibit the 
production of the principal 
inflammatory mediators involved 
in the pathogenesis of 
periodontitis. These inhibitions 
may involve activity at the level 
of gene transcription, at the post- 
transcriptional stage, and/or at 
mRNA translation. Consequently, 
TauCl not only protects tissues 
against excess HOCl (an anti- 
oxidant effect), but also possesses 
anti-inflammatory properties. 

Tissue-regenerative Activity 

Cessation of tissue destruction, 
both by direct neutralization and 
by cell inhibition of pro- 
inflammatory mediators, could 
promote healing (Appendix 4). 
The induction of periodontal tissue 
regeneration is known to require 
an adequate production of cellular 
growth factors, such as insulin-like growth factor (IGF), 
epidermal growth factor (EGF), keratinocyte growth factor 
(KGF, also called FGF-7), FGF-1 and -2, TGF-p, PDGF, 
vascular endothelium growth factor (VEGF), connective tissue 
growth factor (CTGF), and/or cementum-derived growth factor 
(CGF) (Grzesik and Narayanan, 2002). Protein tyrosine kinases 
and protein tyrosine phosphatases (PTPs) form complexes 
involving membrane receptors for certain growth factors, and 
receptors that regulate the synthesis of many inflammatory and 
regenerative molecules, including IGF-1, bFGF (FGF-2), EGF, 
NGF, and/or PDGF. In these complexes, PTPs negatively 
control phosphotyrosine protein kinases through a tyrosine 
phosphorylation inhibition. PTP activation involves the 
reduction of one specific thiol residue within the active site. All 
PTPs share a CXXXXXR active site motif (where C is a 
cysteine, R an arginine, and X any amino acid). In the low- 
molecular-weight phosphotyrosine-protein phosphatases 
(LMW-PTP), present in many mammalian tissues, cysteine- 12 
and cysteine- 17 are conserved residues in the catalytic site. 
Oxidative stress induces the production of intracellular H 2 0 9 . 
H 2 0 2 -mediated oxidation inhibits LMW-PTP by producing a 
disulfide bond between cysteine- 12 and cysteine- 17 (Chiarugi et 
al, 2001). Similarly to H 0 0 2 , an oxidative action of other non- 
specific lipophilic oxidants, such as HOCl or NH 9 C1, on these 
strategic thiol residues may be hypothesized (Fig. 2). To date, 
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there is no definitive demonstration of a HOCl-induced direct 
activation of receptor-tyrosine-kinases, although recent 
experimental results suggest its existence. In human B- and T- 
lymphocytes, HOCl induces (similarly to H 2 0 2 ) a protein 
tyrosine phosphorylation and activates the zeta-associated 
protein-70 (ZAP-70) tyrosine kinase, generating a tyrosine - 
kinase-dependent calcium signaling. Furthermore, HOCl may 
bypass cell membrane receptors to stimulate intracellular 
protein tyrosine kinases and calcium signaling directly. In this 
case, cell receptor activation may prolong the HOCl-generated 
calcium signal. Activation of these directs intracellular 
transduction pathways and stimulates TNF-a gene transcription 
in human peripheral blood mononuclear cells (Schieven et al, 
2002). HOCl-mediated effects on calcium signaling pathways 
may, in turn, induce intracellular modifications, including HOCl 
calcium-dependent production (Blackburn and Chatham, 1994). 

As mentioned above, the production of pro- inflammatory 
cytokines, growth factors, and extracellular matrix components 
requires the MAP-kinase-mediated activation of transcription 
factors, such as AP-1, NF-kB, Stat3, Gaddl53/CHOP, and the 
Smad family. Moreover, most of these factors bind to their 
specific membrane receptors and activate signal transduction 
pathways, which may involve MAP kinase activation (such as 
VEGF or PDGF). In contrast to H 2 0 2 , HOCl does not 
significantly activate JNK, except at a lethal dose (50 |ulM). The 
extremely low doses of HOCl required for MAP kinase 
activation (20-50 |jlM), compared with H 2 0 2 (400-1000 |ulM), 
may result from the high reactivity of HOCl with thiol groups 
and not physiological enzymatic degradation. HOCl-induced 
MAP kinase activation may be due to a direct thiol residue 
substitution into sulfenic/disulfide and/or an intracellular 
redox-status change. These hypotheses require further 
investigation (Midwinter et al, 2001). Protein-kinase C may 
also activate MAP kinases. It possesses cysteine-rich regulation 
and catalytic domains. More precisely, the regulation domain 
possesses 4 crucial zinc fingers that allow for binding to 
membrane lipids. Each zinc finger contains 6 regulatory spaced 
cysteine residues that may generate a fold structure, leading to 
coordination between 2 zinc atoms. The zinc-thiolate structure 
is positively charged and is highly susceptible to negatively 
charged lipophilic oxidants, like hypochlorite. These oxidants 
induce the loss of zinc finger conformation, thereby activating 
protein-kinases-C through calcium- and phospholipid- 
independent pathways (Gopalakrishna and Jaken, 2000). 
However, since protein-kinases C are partially located inside 
the cell membrane, other negatively charged but hydrophilic 
agents, such as TauCl, are not active. Although not yet 
described, a synergistic effect between protein-kinase-C 
phosphorylation and oxidation has been suggested. 
Interestingly, the zinc finger structure is a crucial part of 
various other signaling proteins, including TRAF proteins, c- 
myc, Raf, some DNA-repair enzymes, transcription factors of 
the steroid-binding superfamily, and the transcription factor 
protein 53 (p53). This may explain their potential sensitivity to 
negatively charged oxidants. 

HOCl is a non-specific lipophilic oxidant, has a rapid rate 
of cell-uptake, and preferentially oxidizes thiol residues. This 
redox activity is more powerful than H 2 0 2 . At toxic 
concentrations, HOCl generates a rapid and irreversible loss of 
intracellular protein-thiol groups, including glutathione, 
glutaredoxin, and thioredoxin, through an irreversible oxidative 



cross-linking and aggregation process (Pullar et al, 2001). Low 
HOCl levels oxidize preferentially accessible thiol residues 
and, more specifically, cysteine residues of vital cellular anti- 
oxidants, such as reduced glutathione, thioredoxin, and 
glutaredoxin. Thioredoxin expression modulates NF-kB 
activity at 3 levels. In the nucleus, it helps NF-kB to bind to 
DNA (Harper et al, 2001). In the cytosol, it activates NF-kB at 
a downstream level of NIK (Hirota et al, 2000), while, near the 
cell membrane, it inhibits NF-KB-mediated cytokine 
production, at an upstream level of NIK and at a downstream 
level of TRAFs (Takeuchi et al, 2000). In contrast, 
glutaredoxin expression increases NF-kB activation and, as 
well as thioredoxin, increases AP-1 activation. HOCl may 
oxidize cytoplasmic anti-oxidants close to the cell membrane, 
and thus indirectly regulates these transcription factors. 
Moreover, non-specific oxidants, like H 2 0 2 and HOCl, may 
modulate IkB kinase activities, with the generation of an 
inducible phosphorylation on the tyrosine 42 residue instead of 
the serine 32/36 residues of IkB-cx, resulting in an IkB-ck. 
dissociation from NF-kB, without its degradation by the 26S 
proteasome (Jans sen- Heininger et al, 2000). 

Thus, although HOCl has the ability to inhibit the redox- 
sensitive transcription factors, similarly to TauCl, anti-oxidant- 
mediated HOCl neutralization prevents this activity in vivo. In 
fact, an HOCl-induced moderate depletion of anti-oxidants may 
favor the HOCl-mediated non-specific activation of protein 
tyrosine kinases, MAP kinases, and/or protein kinases C, which 
leads to non-specific pro-inflammatory gene transcription. 
Therefore, non-toxic HOCl concentrations induce cell 
proliferation and stimulate extracellular matrix component 
production in human fibroblasts (Hidalgo and Dominguez, 
2000). 

CONCLUSION 

In addition to their anti- infectious properties, the end-products 
of the PMN respiratory-burst, HOCl and TauCl, possess, at low 
concentrations, very interesting and complementary activities 
which modulate crucial phases of the inflammatory process, 
cell turnover and periodontal tissue healing. Such activities 
may be summarized as follows: (1) neutralization of antigens 
and pathogenic agents following chlorination and/or their 
oxidation; (2) direct neutralization of metalloproteinases, IL-5 
and IL-6; (3) enhancement of inflammatory mediator binding 
to a 2 -macroglobulins; and (4) reduction of the binding of 
growth factors to a 2 -macroglobulins. However, differences 
exist between HOCl and TauCl activities. Extracellular HOCl 
stimulates membrane receptors and activates kinase cascades, 
leading to the production of native compounds of the 
extracellular matrix and/or cytokines (including growth factors 
and pro- inflammatory cytokines), whereas TauCl inhibits most 
of the production of pro-inflammatory cytokines and reactive 
oxygen species. The hydrogen peroxide/myeloperoxidase 
system generates HOCl and TauCl as end-products. Thus, a 
deficient production of both HOCl and TauCl may play a key 
role in the pathogenesis of periodontal diseases. Further 
investigation into the dynamic interactions of these 2 
molecules — not only with each other, but also with components 
of the periodontal connective tissues and inflammatory- 
immune system — may lead to new opportunities for 
periodontal therapy, based upon the modulation of the host 
response in susceptible patients. 
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Periodontal treatment traditionally comprises initial 
nonsurgical debridement followed by a reevaluation, 
at which stage the need for further treatment, usually 
surgical in nature, is established (Fig. 1). This paper 
will provide an overview of available evidence per- 
taining to the efficacy of these phases in the treat- 
ment of periodontitis patients. 

Nonsurgical therapy 



out that a similar degree of calculus removal can be 
accomplished with hand and ultrasonic instruments 
(23, 32, 42, 89). In addition, operator experience has 
been shown to be an important factor in the effect- 
iveness of calculus removal (9, 23, 24, 42). Hand 
instrumentation, ultrasonic, and sonic instrumenta- 
tion seem to lead to similar clinical improvements in 
patients with advanced periodontitis (2, 51). 

Periodontal instrumentation is aimed at effectively 
removing plaque and calculus without excessively 



Conventional nonsurgical periodontal therapy con- 
sists of mechanical supra- and subgingival tooth 
debridement and instruction in self-administered oral 
health care measures. These measures are directed 
towards reducing the bacterial load and altering the 
microbial composition towards a flora more associ- 
ated with health. In turn, these microbiologic changes 
result in lower levels of inflammation and relative 
stability in periodontal attachment levels (62, 75). 

Studies have been performed to demonstrate 
whether complete removal of all subgingival calculus 
was possible, whether there were differences in cal- 
culus removal between hand and ultrasonic instru- 
ments and whether differences in calculus removal 
relate to operator experience and different teeth and 
sites. Hopeless teeth scheduled for extraction for 
periodontal reasons were subjected to subgingival 
debridement prior to their removal. After extraction, 
subgingival areas were examined microscopically for 
residual calculus under xlO magnification. The 
results suggest that complete removal of subgingival 
calculus does not seem to be predictably attainable 
following subgingival instrumentation (23). Small 
areas of calculus are often left behind, with anywhere 
from about 3% to 80% of instrumented root surfaces 
showing some residual calculus (10, 23, 72, 76). It was 
also observed that more calculus is left behind on 
proximal surfaces, in deep sites, and in furcation 
areas (11, 14, 23, 55, 78). Furthermore, it was pointed 
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instrumenting the tooth surfaces. Overinstrumenta- 
tion can lead to hypersensitivity and pulpitis due to 
excessive cementum and dentin removal (25, 28). 
Extensive instrumentation may also cause various 
degrees of increased surface roughness in both 
supra- and subgingivally located areas, which in turn 
may enhance plaque retention (39, 45, 73, 82, 85). 
Results of studies investigating the degree of rough- 
ness following the use of hand and sonic / ultrasonic 
instruments are difficult to interpret because critical 
variables such as forces applied during instrumen- 
tation were often not reported (90). Nevertheless the 
finding that different instruments lead to the same 
clinical results seems to suggest that variations in 
root surface roughness do not affect overall healing 
(23). 

In the past, endotoxin or lipopolysaccharide derived 
from cells of gram-negative bacteria was thought to be 
so firmly attached to the root surface that extensive 
cementum removal was required during subgingival 
instrumentation (1). More recent studies on extracted 
teeth indicate that endotoxins are superficially bound 
and can be removed by such means as brushing. Thus 
systematic root planing to remove cementum does 
not seem warranted (15, 29, 77). 

Furcation opening is often less than 1 mm, too 
small to be effectively reached with relatively larger 
curettes (33). Most of the new ultrasonic tips are 
approximately 0.50 mm in diameter, which may 
favor ultrasonics as the instruments of choice for 
furcation sites. One study on instrumentation of fur- 
cations with and without surgical access indicates that 
no major differences were observed between use of 
curettes or ultrasonics in the closed treatment groups 
and in wide furcations. Ultrasonics performed better 
for narrow furcation areas and in the open treatment 
groups (55). On the basis of the above and other 
studies, power-driven instruments may be considered 
more efficient for calculus removal in general and in 
furcation sites (21, 38, 41, 44, 50, 52, 79, 86). 

Effectiveness of nonsurgical therapy 

Nonsurgical therapy for the control of periodontitis 
normally consists of subgingival debridement com- 
bined with oral hygiene instruction. Subgingival 
debridement in the absence of adequate oral hygiene 
measures results in a limited healing response (53). 
Other studies employing control groups whose 
treatment was confined to oral hygiene alone corro- 
borate these results (23). Oral hygiene instruction in 
the absence of subgingival debridement also results 
in a suboptimal clinical response (13, 51, 84). 



Badersten et al. (2) studied the amount of 
improvement that results for nonmolar sites from the 
combined effects of oral hygiene and supra- and 
subgingival debridement in patients with advanced 
periodontal disease. Mean plaque scores were reduced 
to <20% and mean bleeding scores to <20% irre- 
spective of the initial pocket depth. Probing depths for 
initially deep sites were reduced by a combination of 
gingival recession and gain of probing attachment 
level (for sites with initial probing depth around 8 mm, 
the depth was reduced to an average of about 5 mm 
due to 2 mm of gingival recession and 1 mm of 
improved gingival adaptation at the base of the lesion) . 

These mean results were maintained over 2 years 
of observation. Furthermore, the magnitude of the 
pocket depth appeared to have no effect on the 
efficacy of the therapy in maintaining clinical 
attachment levels. 

Analysis of outcomes using mean results of pooled 
sites within a patient can mask deterioration in a 
subset of sites under study. Identification of such 
sites is complicated for the following reasons: 

• Probing depths and probing attachment levels 
(measurements made from a fixed point on the 
tooth, e.g. cementoenamel junction) are subject to 
reproducibility error. This has resulted in various 
strategies to avoid sites being labeled in error as 
deteriorating sites, for example the use of thresh- 
olds of change large enough to overcome the error, 
or the use of means of multiple recordings at any 
one-time point. 

• Probing measurements do not disclose the true 
connective tissue levels attached to teeth. In 
inflamed states the probe penetrates the base of the 
junctional epithelium, whereas in noninflamed 
states the probe stops short of the base of the junc- 
tional epithelium (12, 26, 49, 80, 81). Thus, probe tip 
position and therefore probing depth could vary at 
different times due to tissue inflammatory status 
without any change in connective tissue levels. Such 
variation is reportedly in the region of 1-1.5 mm 
(26). This leads to a possible validity error in desig- 
nating sites as having ongoing disease. 

Failure to compensate for these potential sources of 
error may result in sites being erroneously diagnosed 
as having undergone connective tissue loss. Analyses 
carried out on the data of Badersten et al. (2) used 
linear regression analysis (to compensate for repro- 
ducibility error) and a threshold of 1.5 mm change 
(to compensate for validity error) to identify sites that 
showed progression over an observation period of 
2 years (23). Forty-nine subjects were included and 
only nonmolar sites were studied. Overall, 120 sites 
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(5%) showed ongoing loss. Of interest were the 
characteristics of these sites; 14% were ini- 
tially ^ 7.0 mm deep and 48% were ^ 3.5 mm 
deep; 44% were either buccal or lingual sites that 
were often shallow and therefore not those sites that 
clinicians would expect to show progression. The 
question remained as to the nature of the attachment 
loss in shallow sites following initial therapy. When 
effects on probing attachment levels due to instru- 
mentation trauma were accounted for and furcation 
sites included, 4% of sites exhibited ongoing attach- 
ment loss and most of these had probing depths and 
other inflammatory characteristics not suggestive of 
disease but of a remodeling process (16, 19). 

These results for frequencies of sites with ongoing 
loss are, however, not representative of deep molar 
furcation sites. Nordland et al. (59) found a lower 
mean response for probing depth and probing 
attachment change and nearly twice the frequency of 
ongoing loss in deep molar furcation sites as other 
comparable molar sites or nonmolar sites (Fig. 2 and 
3). Loos et al. (52) reported similar results for furca- 
tion sites with 12% of sites ^ 3.5 mm, 11% of sites 
4-6.5 mm and 27% of sites ^ 7 mm deteriorating 
over a 2-year observation period. This unfavorable 
healing response has also been found in other studies 
(23). 

The presence of root furrows in nonmolar teeth may 
also compromise healing. Apart from these anatomic 
aspects, tooth types and location in the dentition seem 
to have little impact on treatment outcome (23). 
Experienced operators can obtain an adequate debri- 
dement in one episode of instrumentation with either 
hand or sonic / ultrasonic instruments (2, 3, 50). 

Comparison of attachment levels before and 
immediately after subgingival instrumentation have 





□ Nonmolar sites 

□ Molar flat surfaces 
H Molar furcations 



Nonmolar sites Molar flat surfaces Molar furcations 

Fig. 2. Percentage of sites with probing attachment loss 
at 0-24 months by initial probing depth (from Nordland 
et al. (59)). 



Fig. 3. Percentages of losing sites at 0-24 months by 
surface location (from Nordland et al. (59)). 



found an average probing attachment loss of about 
0.5 mm, irrespective of initial probing depth, the 
histologic nature of which has not been fully clarified. 
The loss may be explained either by a lateral dis- 
placement of the gingival tissues or by tearing of 
coronal connective tissue fibers, facilitating apical 
probe penetration immediately after treatment. It has 
been suggested from animal experiments that if 
connective tissue damage has been a result of 
instrumentation, this may be irreversible and healing 
occurs by apical migration of junctional epithelium 
(48). Probing measurements conducted a few months 
after treatment do not disclose the initial traumatic 
probing attachment loss in the majority of sites, 
perhaps because of subsequent readaptation of the 
gingival tissues (16, 19). 

The clinical characteristics of sites with ongoing 
attachment after initial periodontal treatment are 
remarkably variable (17). Sites with probing attach- 
ment loss following nonsurgical treatment may or 
may not display the clinical characteristics com- 
monly associated with periodontitis (deepened 
probing depth, increased bleeding tendency, and 
possibly suppuration). A classification into 'ques- 
tionable' periodontitis was employed (deterioration 
that may not be associated with chronic inflamma- 
tory signs). It was found that 21-35% of all sites with 
attachment loss fell into this category. The authors 
speculated as to the cause of probing attachment loss 
for the 'questionable periodontitis' sites. The follow- 
ing conjectural reasons were suggested: 

• trauma from instrumentation during initial treat- 
ment and during maintenance treatment. 

• trauma from toothbrushing and other home care 
procedures. 

• remodeling of the marginal periodontal tissues as 
an effect of the improved and changed conditions 
after treatment; 
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Table 2. Mean changes, generally observed in stud- 
ies in probing depth, probing attachment levels, and 
gingival recession after a single episode of supra- and 
subgingival instrumentation 
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• gradual recession of the periodontal tissues related 
to the aging process. 

• remodelling of the periodontal structures associ- 
ated with a process of continuous eruption of the 
teeth. 

It is also possible that a form of periodontitis of 
microbial origin can occur in the absence of pro- 
nounced clinical signs of disease. 

Bollen et al. (7), Mongardini et al. (56), Quirynen 
et al. (66), and recently De Soete et al. (22) studied 
the hypothesis that plaque control and root debri- 
dement might be enhanced by a concomitant 'full- 
mouth disinfection'. This initially involved scaling 
and root planing of all quadrants within 24 h in 
combination with the application of chlorhexidine to 
all intraoral niches for 2 months both in the dental 
surgery and at home. Compared to a conventional, 
quadrant-by-quadrant approach to nonsurgical 
treatment, clinical and microbiologic parameters 
showed improved results following periodontal 
debridement completed within 24 h combined with 
simultaneous and postoperative full-mouth disin- 
fection. These results confirm those of a similar study 
by Bollen et al. (8). The findings suggest that 
re-infection of treated sites during the healing phase 
may occur from remaining untreated sites, or from 
other niches in the oral cavity. Quirynen et al. (65), 
studied the relative importance of the use of chlorh- 
exidine in the full-mouth disinfection. Clinical and 
microbiologic results from the studies indicated that 
chlorhexidine had no adjunctive effects. However, its 
use may be advisable in patients with a low compli- 
ance and because it aids initial healing. 

Re-evaluation 

Re-evaluation of results following initial treatment 
is critical for adequate selection of additional 
therapy and for establishing the best possible long- 
term prognosis. Traditionally, re- evaluation is per- 
formed a few months after initial periodontal 
treatment. Although data demonstrate that healing 
may continue for a period of 9 months following 
initial therapy, most of the healing seems to be 
complete at 3 months following therapy (2). 
Records of dental plaque, bleeding on probing, 
suppuration on probing, and probing depth 
obtained at four to six sites around each tooth are 
compared to records taken before baseline. Ta- 
bles 1 and 2 present estimates, generally observed 
in studies, of mean changes from baseline to re- 
evaluation in clinical parameters. 



The measurement of true periodontal pockets has 
traditionally been used in the diagnosis of perio- 
dontal disease. Longitudinal changes in probing 
depth may result from alteration in the gingival 
margin level and/ or from influences at the pocket 
base. In recent times it has been thought more 
appropriate to focus on events at the base of the 
pocket as a measure of response to treatment. Pro- 
bing attachment levels, recorded longitudinally from 
a fixed point on the tooth are used for this purpose 
and are normally used as a gold standard, although 
their validity when used in isolation from other 
parameters has been challenged (16). 

By convention, deep probing depths and inflam- 
matory parameters have been used at re-evaluation to 
indicate the need for further treatment on a site-spe- 
cific level. However, studies have challenged the use- 
fulness of these signs. A deep residual probing depth at 
re-evaluation (^ 6 mm) may not indicate a failure of 
treatment as approximately 75% of these sites may 
show an improvement of ^ 1 mm at reevaluation 
compared to postinstrumentation baseline values (18). 

Other studies, focusing on the predictive power of 
deep residual depths, reported weak predictive values 
of less than 30% for residual depths of ^ 7 mm 
(Fig. 4) (4, 20). These values increased to approxi- 
mately 50% when residual depths from examinations 
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Fig. 4. Diagnostic predictability (%) of residual probing 
depth of different magnistude at 3 and 12 months for 
probing attachment loss at 42 months following nonsur- 
gical therapy (Claffey et al. (20)). 



further on in the maintenance (3.5-5 years) were 
evaluated. Likewise, increases in probing depth had 
poor to modest predictive values at short-term 
intervals following therapy. The predictive values for 
bleeding on probing evaluated from frequencies of 
examinations with bleeding on probing present dur- 
ing the first 12 months following initial therapy were 
also disappointing, with predictive values of <20%. 
When frequency of bleeding on probing was com- 
bined with either deep residual depth or increase in 
probing depth 3 years or longer after initial therapy, 
predictive values of 50-70% were found. Thus, it 
appears that the presence of these traditionally used 
signs at re-evaluation is of limited value in predicting 
ongoing attachment loss. On the other hand, the 
absence of bleeding has been demonstrated as a 
useful predictor of health (43). 

It may be argued that individual highly skilled cli- 
nicians can predict deteriorating sites at re-evalua- 
tion on the basis of their own clinical judgment, 
the components of which are difficult to define. 
Vanooteghem et al. (83), reported predictive values 
of ^ 30% when the opinions of two of three experi- 
enced clinicians were used to denote sites susceptible 
to further deterioration. 

There are limited data to suggest that higher per- 
centages of deep residual probing depths at re-eval- 
uation may be correlated with higher percentages of 
sites with ongoing attachment loss within patients 
(17). 

In conclusion, it would appear that, on a site-spe- 
cific level, the traditionally used clinical signs at 
revaluation have limited diagnostic value in 
predicting future deterioration. These signs become 
more useful during prolonged periods of mainten- 



ance. On a patient level, the presence of high pro- 
portions of deep residual depths at re-evaluation may 
indicate patient susceptibility to further breakdown, 
although data to support this are limited. 

Periodontal surgery 

The following have been proposed as the aims of 
periodontal surgery: 

• accessibility to previously inaccessible root surfa- 
ces. 

• production of a healthy dentogingival junction that 
would enable the patient to practice a high level of 
plaque removal. 

• reduction of probing depths to allow a) effectively 
delivered maintenance and home care and b) the 
monitoring and /or diagnosis of recurrent inflam- 
mation and progressive periodontal disease. 
(Modified from Friedman (27)). 

These aims were later elaborated by Palmer & Floyd 
(61) to include correction of mucogingival defor- 
mities and the treatment of advanced periodontitis 
lesions that require reconstructive or regenerative 
therapy. For the purposes of this overview, the tech- 
niques discussed will be limited to pocket elimina- 
tion and access procedures. 

Pocket elimination was considered to be a desir- 
able treatment outcome, giving rise to the gingi- 
vectomy and apically repositioned flap techniques. 

Gingivectomy 

The gingivectomy procedure was introduced by 
Robicsek in 1884 (74), and was later described by 
Grant et al. (31). This technique is aimed at reducing 
deep gingival pockets formed by enlarged fibrotic 
tissue and suprabony periodontal pockets. Gingivec- 
tomy is not indicated in the reduction of infrabony 
pockets because the incision cannot reach the base of 
the pocket due to intervening bone. Furthermore, if 
used for pockets extending to or beyond the muco- 
gingival junction, the entire zone of keratinized gin- 
giva is lost (30). Epithelialization of the gingivectomy 
wound starts within a few days following excision of 
the inflamed gingival soft tissues and is generally 
complete within 14 days after surgery. A new dento- 
gingival unit is formed during the following weeks. 
Healing of the gingivectomy wound is completed 
within 4-5 weeks. However, on clinical examination 
the surface of the gingiva may already appear healed 
after 13-15 days (70). 
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The apically repositioned flap with or 
without osseous surgery 

In 1954, Nabers (58) described the technique of 
'repositioning of attached gingiva'. Friedman (27) later 
introduced the term 'apically repositioned flap' and 
stressed the importance of displacing the entire 
complex of soft tissues (gingival and alveolar mucosa) 
apically to achieve pocket elimination. The flap design 
often incorporates reverse bevel incisions and appro- 
priately placed vertical incisions. Osseous surgery may 
be incorporated (osteoplasty or ostectomy) to reshape 
the alveolar bone crest to eliminate intrabony com- 
ponents of the pocket or to recapture the normal form 
of the alveolar process at a more apical level. 

During the initial phase of healing, bone resorption 
of varying degrees takes place in the alveolar crest. A 
new dentogingival unit forms during the phase of 
tissue regeneration and maturation in a manner 
similar to that during healing following gingivectomy 
procedures (69). 

In response to concerns about aesthetic and root 
sensitivity consequences of pocket elimination pro- 
cedures, pocket reduction procedures were advoca- 
ted as a more conservative and constructive surgical 
approach. 

Modified Widman flap 

The 'unrepositioned mucoperiosteal flap' or 'open 
flap curettage' was first described by Morris in 1965 
(57) and later by Ramfjord & Nissle in 1974 (71). This 
procedure is more commonly used when the target of 
the surgery is to reduce the pocket depths through 
readaptation of periodontal tissues. It incorporates a 
conservative incision made 0.5-1.0 mm from the 
gingival margin and parallel to the long axis of the 
tooth. Two further incisions facilitate the separation 
of the soft tissue collar from the tooth and bone. 
Removal of granulomatous tissue and root planing is 
carried out, following which the flaps are sutured to 
the original marginal position with complete closure 
proximally (67). During healing some crestal bone 
resorption and osseous repair can be expected with 
the establishment of a 'long junctional epithelium' 
between the bone and the root surface (60, 87, 88). 
Barrington (5) suggested that healing following the 
Widman flap technique by means of a long junctional 
epithelium instead of a new connective tissue 
attachment may be a disadvantage and may lead to 
plaque infection and new pocket formation. In con- 
trast, Magnusson et al. (54) reported in an animal 
study that a gingival unit with a long junctional 



epithelium does not provide a less efficient barrier 
against plaque infection when compared to dento- 
gingival epithelium of normal length. Soft-tissue 
recession takes place during the healing phase and 
may continue for more than 1 year (46). More con- 
servative procedures, such as the excisional new 
attachment procedure (ENAP), were also suggested. 
ENAP is defined as a subgingival curettage procedure 
carried out using a scalpel to remove the inner por- 
tion of the soft tissue wall of the periodontal pocket 
around the tooth. No attempt is made to raise a flap 
and all the connective tissue fibers that remain 
attached to the root surface are preserved (87, 88). 

Comparison of surgical and 
nonsurgical treatment modalities 

Most of the available studies comparing surgical with 
nonsurgical treatment have employed quadrant or 
split-mouth designs. When interpreting the results of 
these studies the following should be considered: 

• Some studies were designed so that initial therapy, 
including full-mouth root planing, was carried out 
at the outset. Strictly speaking, what was then 
studied was an adjunctive effect of either further 
root planing or a surgical procedure. 

• Results of probing measurements are often 
expressed as means of subgroups of sites, for in- 
stance, sites initially shallow, moderately deep and 
deep. However, mean improvements may mask 
individual site deterioration. Frequencies of sites 
with probing attachment loss /gain for various 
procedures are an important additional outcome 
variable. 

• It is possible that periodontitis subjects, although 
untreated, would not display ongoing connective 
tissue loss during the observation interval of study. 
Thus comparison of different treatment modalities 
with the aim of arresting disease may not be 
meaningful. This may be particularly important in 
interpreting the results of shorter-term studies. 

• Clinical results over short time periods of study 
may reflect more improvements due to changes in 
inflammation. Due to the generally slow progress 
of the disease process, allied with our relatively 
crude measurement techniques, longer observa- 
tion intervals may be necessary to study the effic- 
acy of therapies on arresting attachment loss. 

• The vast majority of studies evaluating periodontal 
therapies lack an untreated control. This is perhaps 
to be expected, as ethical considerations restrict 
performance of such studies. 
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• If mean differences are reported as statistically 
significant, the clinical significance of such differ- 
ences should be critically appraised. 

• Assignation of quadrants to certain treatment 
modalities inevitably results in the application of 
clinically inappropriate techniques, for example 
treatment of shallow pockets with pocket elimin- 
ation procedures. 

• The subjects in many of these studies were 
attending University centres where compliance 
with recall and maintenance may not reflect that in 
practice generally. 

An early study employing a split-mouth design was 
that of Knowles et al. (40). The subjects were given 
initial oral hygiene instruction and root planing. 
Three further modalities were tested; subgingival 
curettage (root planing combined with curettage of 
pocket lining); modified Widman flap surgery and 
pocket elimination surgery (either gingivectomy or 
apically repositioned flap with osseous surgery). 
Prophylaxis was carried out every 3 months together 
with oral hygiene reinforcement. For 8 years, annual 
recordings from five sites per tooth (mesiobuccal, 
midbuccal, distobuccal, mesiolingual and midlin- 
gual) were made. All techniques resulted in favorable 
changes in the means of the clinical parameters 
measured, although there was a slight tendency to 
relapse later on in the observation interval. The sur- 
gical techniques resulted in slightly more pocket 
reduction in deep pockets. Although all techniques 
yielded appreciable gains in clinical attachment in 
deep pockets, the modified Widman flap resulted in 
the greatest clinical attachment gain. In studies 
comparing the effects of root planing and modified 
Widman flap surgery over 6V2 years of observation, 
the modified Widman flap resulted in more pocket 
reduction in initially deep pockets, although mean 
attachment levels were similar (63, 64). 

Definitive scaling and root planing, inverse bevel 
flap and modified Widman flap were compared for 
their effects on 5 -mm pockets over a 5 -year period 
(34). The initial therapy provided a modest reduction 
in probing depth. Similar results in mean scores and 
frequencies of sites with probing attachment gain/ 
loss were found for the modalities studied over the 
entire observation interval. A further study compared 
root planing, subgingival curettage, modified Wid- 
man flap and either gingivectomy or apically repo- 
sitioned flap (68). Measurements were made before 
initial therapy (scaling /root planing /oral hygiene 
instruction) and 1 month following initial therapy 
but before the four experimental treatments were 
applied. Further treatment with all four modalities 



resulted in additional pocket reduction, although in 
general the improvements were less than those seen 
after the hygienic phase. In general, mean attach- 
ment values for deep pockets remained at the post- 
initial therapy levels for the 5 years of observation, 
although some mean deterioration was observed, 
principally during the 2nd year. These authors cal- 
culated frequencies of sites gaining and losing 2 mm 
and 3 mm at 5 years compared to baseline. Surpris- 
ingly, for all groups of sites subdivided by initial 
probing depth, little difference was seen in frequen- 
cies of sites deteriorating or gaining attachment. 
Tooth loss was also similar for the four modalities. It 
was interesting to note that maintenance treatment 
with supra- and subgingival debridement was judged 
necessary on about twice the number of teeth in the 
root planing category than on those in the other three 
categories. 

All of the above mentioned studies featured an 
initial phase of treatment in which root debridement 
was performed. A further session of root planing as 
part of the experimental design was then carried out. 
To further study the effects of one session of root 
planing compared to surgical procedures, studies 
were designed in which the initial therapy was lim- 
ited to oral hygiene instruction alone (47, 48). In 
general, both mean scores and frequencies of sites 
with gain / loss of attachment were similar for the two 
modalities, although molar teeth tended to display 
less favorable mean probing changes than nonmolar 
teeth, irrespective of treatment modality. 

Coronal scaling alone was incorporated as a con- 
trol into an experimental design in which modified 
Widman flap, apically repositioned flap including 
osseous surgery, and root planing were studied over a 
7-year observation interval (35, 36). The coronal 
scaling modality had to be abandoned because of the 
high number of initially deep sites that progressed 
over the first years of study. There was somewhat 
more mean pocket reduction for moderately deep 
and deep sites initially but this tended to equalize 
later in the observation period. Changes in probing 
attachment levels were similar for the three modali- 
ties, with the exception of the more marked loss of 
attachment in shallow sites treated with repositioned 
flap including osseous surgery. Fewer sites lost pro- 
bing attachment with the repositioned flap including 
osseous surgery modality than with the other mod- 
alities but this may have been associated to a greater 
or lesser extent with the higher number of presum- 
ably highly compromised teeth extracted and roots 
resected initially due to the impracticality of carrying 
out osseous surgery. Using the same study popula- 
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Fig. 5. It is paradoxical that surgical intervention fol- 
lowing periodontal treatment is in widespread use despite 
equivocal data supporting the efficacy of such treatment. 



tion as the study by Kaldahl et al. above, the same 
four modalities were studied for their effects on fur- 
cation sites over a 2-year observation interval. No 
major benefit was demonstrated for any one treat- 
ment method (37). A recent study compared scaling 
root planing, osseous surgery and modified Widman 
flap over 5 years (6). Scaling and root planing was 
delivered at the outset during two 1-h appointments 
but without the use of local anesthesia. Baseline data 
were gathered 3-4 weeks following initial therapy. 
Clinical outcomes were similar for the three methods. 
The authors place emphasis on the importance of 
effective maintenance irrespective of whatever tech- 
nique is considered clinically appropriate for use in 
the circumstances prevailing. 

In summary, the following points may be deduced 
from appraisal of the available literature (Fig. 5): 

• Both nonsurgical and surgical therapies have been 
shown to result in similar mean improvements of 
clinical scores, which, in general, suggests stability 
in attachment levels following therapy. 

• Data for the possible adjunctive effect of surgical 
procedures on patients /sites unresponsive to ini- 
tial therapy are scarce. 

• Data for the possible adjunctive effect of surgical 
procedures on patients believed to be at high risk 
to ongoing attachment loss are scarce. 

• Other than studies on regenerative techniques, 
data for the comparable effects of different surgical 
modalities on furcation areas are also scarce. 

• The literature reviewed herein cannot be used for 
comparison of treatment modalities on the less 
common forms of periodontitis, for example 
aggressive periodontitis. 

• Data for long-term outcome measures, such as 
tooth loss and quality of life issues, are scarce. 
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The objective of the present study was to investigate immunoglobulin G (IgG) and IgA antibody immune 
responses to Porphyromonas gingivalis, Prevotella intermedia, Bacteroides forsythus, and Candida albicans in the 
sera of patients with rheumatoid arthritis (RA), the synovial fluid (SF) of patients with RA (RA-SF samples), 
and the SF of patients without RA (non-RA-SF samples). An enzyme-linked immunosorbent assay was used to 
determine IgG and IgA antibody levels in 116 serum samples from patients with RA, 52 RA-SF samples, and 
43 non-RA-SF samples; and these were compared with those in SF samples from 9 patients with osteoarthritis 
(OA-SF samples) and the blood from 100 donors (the control [CTR] group). Higher levels of IgG antibodies 
against B. forsythus (P < 0.0001) and P. intermedia (P < 0.0001) were found in non-RA-SF samples than in 
OA-SF samples, and higher levels of IgG antibodies against B. forsythus (P = 0.003) and P. intermedia (P = 
0.024) were found in RA-SF samples than in OA-SF samples. Significantly higher levels of IgA antibodies 
against B. forsythus were demonstrated in both RA-SF and non-RA-SF samples than in OA-SF samples. When 
corrected for total Ig levels, levels of IgG antibody against B. forsythus were elevated in RA-SF and non-RA-SF 
samples compared to those in OA-SF samples. Lower levels of Ig antibodies against B. forsythus were found in 
the sera of patients with RA than in the plasma of the CTR group for both IgG (P = 0.003) and IgA (P < 
0.0001). When corrected for total Ig levels, the levels of IgG and IgA antibodies against B. forsythus were still 
found to be lower in the sera from patients with RA than in the plasma of the CTR group (P < 0.0001). The 
levels of antibodies against P. gingivalis and C. albicans in the sera and SF of RA and non-RA patients were 
comparable to those found in the respective controls. The levels of IgG and IgA antibodies against B. forsythus 
were elevated in SF from patients with RA and non-RA-SF samples compared to those in OA-SF samples. 
Significantly lower levels of IgG and IgA antibodies against B. forsythus were found in the sera of patients with 
RA than in the plasma of the CTR group. This indicates the presence of an active antibody response in synovial 
tissue and illustrates a potential connection between periodontal and joint diseases. 



Sufficient data are available to implicate Porphyromonas gin- 
givalis, Bacteroides forsythus, and Prevotella intermedia as patho- 
gens that initiate periodontal disease (2, 40, 43). These gram- 
negative anaerobic bacteria possess various antigens (32, 36) 
that provoke a host-mediated immune response to the offend- 
ing species (2, 36). This is a complex immunopathogenic pro- 
cess which involves interactions between T and B lymphocytes, 
neutrophils, monocytes, and phagocytes and the subsequent 
production of cytokines and prostaglandins (15). The humoral 
immune response, in which immunoglobulin G (IgG) and IgA 
antibodies are produced, is considered to have a protective 
role in the pathogenesis of periodontal disease (2, 13, 22), but 
the mechanisms are not fully understood. 

Rheumatoid arthritis (RA) is a systemic autoimmune disor- 
der characterized by synovial hyperplasia and chronic inflam- 
mation (14). Peripheral joint disease is the most frequent fea- 
ture of RA; but the eyes, skin, blood vessels, kidneys, and 
nervous system may also be involved. The prevalence of RA in 
the Western population is 0.5 to 1% and affects women about 
three times as often as it affects men (35). Experimental evi- 
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dence has suggested that several microorganisms (bacterial 
proteins or viruses) may play an important role, in association 
with a genetic predisposition (3), in triggering the onset of the 
disease (25, 31, 44). 

Clinical studies of RA and periodontal disease have pro- 
vided evidence for a significant association between the two 
disorders (29). Patients with long-standing active RA have a 
substantially increased frequency of periodontal disease com- 
pared to that among healthy subjects (21). Patients with peri- 
odontal disease have a higher prevalence of RA than patients 
without periodontitis (28), and it may be hypothesized that 
periodontal disease plays a role as a triggering factor for RA. 

Dry eyes and dry mouth have been shown to be major 
complaints among RA patients, but the prevalence is uncertain 
(4, 10, 11, 38). Decreased salivary secretion also affects the oral 
mucosa and may promote oral candidiasis (18). Interestingly, it 
has been shown that RA patients may have higher counts of 
oral Candida species than controls (19). 

The last few decades of periodontal research have provided 
evidence for a correlation between elevated concentrations of 
antibodies against periodontal pathogens in serum and disease 
severity (2, 13, 22, 42). However, few studies that have at- 
tempted to search for a link between oral microorganisms and 
immune responses in the sera of patients with RA (RA sera) 
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TABLE 1. Levels of IgG antibodies against P. gingivalis, P. intermedia, and B. forsythus in RA and CTR group sera 



Sample 


No. of 




Mean (SD) IgG level (jxg/ml) 




Mean (SD) total 


samples 


P. gingivalis 


P. intermedia 


B. forsythus 


IgG level (mg/ml) 


RA serum 
CTR 


116 
100 


9.85 (12.08) 
7.70 (9.99) 


2.21 (1.72) 
1.91 (1.10) 


3.92 a (3.34) 
4.65 (2.96) 


26.50 6 (10.04) 
19.68(8.29) 



a P < 0.01 for differences in antibody levels between the patient group (RA serum) and the CTR group (CTR plasma) calculated by the Mann-Whitney U test. 
b P < 0.0001 for differences in antibody levels between the patient group and the CTR group calculated by the Mann- Whitney U test. 



and synovial fluid (SF) samples from patients with RA (RA-SF 
samples) have been carried out. In a study of cell wall compo- 
nents from the periodontal pathogen Actinobacillus actinomy- 
cetemcomitans, it was shown that IgG antibody titers were 
significantly higher in RA sera than in the sera of healthy 
controls (41). Other findings suggest that while the levels of 
IgG antibodies against P. gingivalis were significantly elevated 
in sera from patients with periodontal disease, comparable 
levels were found in the sera of healthy controls and RA 
patients (42). 

In order to further elucidate the role of periopathogens in 
RA, the purpose of this study was to screen for the levels of 
IgG and IgA antibodies against P. gingivalis, P. intermedia, B. 
forsythus, and Candida albicans in serum and RA-SF samples 
and samples from other arthritis patients compared to those in 
patients with osteoarthritis (OA) and healthy subjects. 

MATERIALS AND METHODS 

Patients and sampling. All rheumatic patients were examined at the Rheu- 
matology Clinic at Haukeland University Hospital, Bergen, Norway. A medical 
history was taken from each patient. Recorded serological data included rheu- 
matoid factor (RF) titers and C- reactive protein (CRP) levels. CRP levels were 
determined by endpoint analysis (Tina Quant method) at a central laboratory, 
Haukeland University Hospital, during hospitalization. The cutoff level for a 
positive RF titer was set as a titer of 128 (11, 39), as determined by the hemag- 
glutination method. The study was approved by the Ethical Committee, Faculty 
of Medicine, University of Bergen. 

Group 1 consisted of 116 patients with RA. Eighty-two (70.7%) of these 
patients were women, and 34 (29.3%) were men. The mean ages were 58.6 years 
(range, 33 to 80 years) for women and 60.4 years (range, 33 to 80 years) for men. 
Ninety-two (79.3%) were treated with disease-modifying antirheumatic drugs 
(DMARDs), and the most frequent drug administered was methotrexate 
(MTX), which was administered to 63 patients. Steroids were given orally to 42 
(36.2%) of the patients. The mean duration of DMARD treatment in this group 
was 7.0 years (range, 0 to 27 years). 

Group 2 consisted of 104 patients who were different from those in group 1. 
Fifty-six (53.8%) of these patients were women, and 48 (46.2%) were men, and 
all had some type of inflammatory arthritis. Among these, 52 patients (34 
women, 18 men) had RA, 9 (5 women, 4 men) had OA, and 43 (16 women, 27 
men) had various arthri tides (non-RA). Among the patients in the non-RA 
group, 14 had psoriatic arthritis, 10 had morbus Bechterew, 9 had reactive 
arthritis, 2 had morbus Reiter, and 8 were characterized as having arthritis in 
connection with ulcerative colitis and nonspecific mono- or polyarthritis. The 
mean ages for the RA patients were 53.0 years (range, 23 to 86 years) for women 
and 60.3 years (range, 20 to 76 years) for men. For the OA patients, the mean 
ages were 37.9 years (range, 13 to 68 years) for women and 43.1 years (range, 22 
to 78 years) for men, and for the non-RA patients the mean ages were 57.2 years 
(range, 54 to 58 years) for women and 59.5 years (range, 52 to 68 years) for men. 
SF samples from OA patients (OA-SF samples) were used as controls (see 
Tables 2, 4, and 5). 

Twenty-seven (53.0%) of the patients in group 2 were medically treated with 
DMARDs, and 14 of them were treated with MTX. Steroids were administered 
orally to 22 patients. One OA patient who provided an SF sample and three 
non-RF patients who provided an SF sample were treated with MTX. Steroids 
were given orally to four of the non-RA patients who provided an SF sample. 

All RA patients fulfilled the revised criteria of the American College of 



Rheumatology (formerly the American Rheumatism Association) (7). Periph- 
eral blood samples were collected from RA patients in group 1 at the time of 
medical examination and were immediately centrifuged, and the sera were stored 
at -20°C. 

SF, mainly from larger joints, was obtained only from patients in group 2, 
centrifuged, and stored at — 20°C. 

Group 3 consisted of 100 healthy blood donors (71 women, 29 men) who were 
matched by gender and age with the patients in group 1 and who had no history 
of active rheumatic disease. The mean ages were 60.4 years (range, 41 to 70 
years) for women and 62.3 years (range, 33 to 80 years) for men. The plasma was 
stored at — 20°C and served as the control (CTR) group. In this study blood 
donor plasma was found to fulfill the criteria as controls for RA sera. 

Microbial antigens used in enzyme-linked immunosorbent assay (ELISA). P. 
gingivalis ATCC 33277 and P. intermedia ATCC 25611 were obtained from the 
American Type Culture Collection (ATCC), Manassas, Va. Both were cultured 
in Lab 090-A Fastidious Anaerobic Agar (LabM, IDG [United Kingdom] Lim- 
ited, Bury, England), to which sheep blood was added. 

B. forsythus FDC 2008 was obtained from the Forsythe Dental Center, Boston, 
Mass., and was cultured in Trypticase soy agar with 7V-acetylmuramic acid stock 
solution. 

Mannan (M7504) was obtained from Sigma Chemical Company, St. Louis, 
Mo. The powder was diluted in distilled water so that the concentration of the 
solution was 27.2 mg/ml. 

The organisms were cultivated in an anaerobic glove box for 10 days at 35 °C 
and then harvested and reactivated for 10 additional days. The second-genera- 
tion bacterial cultures were inactivated in 1% formalin for 24 h, washed twice in 
phosphate-buffered saline (PBS), and centrifuged at 10,000 X g for 10 min. The 
inactivated whole cells were again washed and diluted in PBS to approximately 
1,500 X 10 6 cells/ml of PBS solution by comparison with McFarland standards 
(24). 

ELISAs for IgG and IgA antibody detection. The concentrations of IgG and 
IgA antibodies against whole-cell P. gingivalis, P. intermedia, and B. forsythus and 
the C. albicans polysaccharide mannan in RA sera, CTR plasma, and SF were 
determined by ELISA with 96-well microtiter flat-bottom high-binding plates 
(Costar, Cambridge, Mass.) (12, 16). All analyses were carried out in duplicate 
and were performed with 100 julI of solution per well. 

The plates were coated overnight at 4°C with suspensions of inactivated whole 
bacterial cells (1,500 X 10 6 cells/ml of PBS). 

For IgG antibody determinations, the suspensions were 1/100 for P. gingivalis 
and B. forsythus and 1/80 for P. intermedia. C. albicans mannan was diluted to 5 
juLg/ml in 0.05 M carbonate buffer. For IgA antibody determination, the suspen- 
sions were diluted 1/100 in PBS for P. gingivalis, P. intermedia, and B. forsythus. 
C. albicans mannan was diluted to 5 jmg/ml in 0.05 M carbonate buffer. 

All plates were washed four times with PBS-0.05% Tween 20 (PBST) and 
were then blocked with PBST-5% milk (L 31 skim milk; Oxoid, Basingstoke, 
England) for 1 h at room temperature. 

For specific IgG antibody determinations, RA sera and CTR plasma were 
diluted 1/100 for P. gingivalis and P. intermedia, while SF was diluted 1/10 for P. 
gingivalis and P. intermedia. For B. forsythus and C. albicans mannan the RA sera 
and the CTR plasma were diluted 1/50 and SF was diluted 1/40. The RA sera, 
CTR plasma, and SF samples were diluted 1/10 for specific IgA antibody deter- 
minations. IgG and IgA antibody standards (3.125 to 200 ng/ml) were prepared 
by diluting purified human IgG (1.274 mg/ml; 14506; Sigma) and human IgA (1 
mg/ml; 11010; Sigma) in PBST-5% milk. 

After 1.5 h at room temperature, the plates were washed four times with 
PBST. Peroxidase-conjugated goat anti-human IgG (A0293; Sigma) was diluted 
1/2,000 in PBST-5% milk for all plates except those for P. intermedia, which were 
diluted 1/1,500 for RA sera and CTR plasma, and was then added to the plates. 
Peroxidase-conjugated goat anti-human IgA (A7032; Sigma) was diluted 1/3,000 
for all plates. 
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TABLE 2. Specific levels of IgG antibodies against P. gingivalis, P. intermedia, and B. forsythus in SF 



Sample 


No. of 
samples 


P. gingivalis 


Mean (SD) IgG level (jig/ml) 
P. intermedia 


B. forsythus 


Mean (SD) total 
IgG level (mg/ml) 


RA-SF 


52 


1.43 (1.08) 


0.82 a (0.525) 


1.51 b (1.309) 


8.80 b (4.18) 


Non-RA-SF 


43 


1.56 (0.641) 


0.96 c (0.401) 


1.68 c (1.156) 


11.61 c (7.44) 


OA-SF 


9 


1.36 (0.519) 


0.47 (0.056) 


0.45 (0.118) 


4.22 (1.13) 



a P < 0.05 for differences in antibody levels between each patient group and controls (OA-SF samples) calculated by the Mann- Whitney U test. 
b P < 0.01 for differences in antibody levels between each patient group and controls (OA-SF samples) calculated by the Mann-Whitney U test. 
c P < 0.0001 for differences in antibody levels between each patient group and controls (OA-SF samples) calculated by the Mann- Whitney U test. 



After 1 h at room temperature the plates were washed four times and substrate 
was added. 1,2-Phenylenediamine dihydrochloride tablets (Dako, Glostrup, 
Denmark) were dissolved in water by the addition of H 2 0 2 . The reaction was 
stopped with 1 M H 2 S0 4 and read at 490 nm with an E-max precision microplate 
reader (Molecular Devices Corporation, Sunnyvale, Calif.). The software 
SOFTmax (Molecular Devices Corporation) was used to calculate the values. 
Prior to all assays, pilot studies were performed with a limited number of 
randomized selected samples to find the most appropriate dilutions. 

Total IgG and IgA levels were determined by coating the plates with goat 
anti-human IgG (1 mg/ml; 13382; Sigma) and goat anti-human IgA (3 mg/ml; 
11261; Sigma) diluted 1/2,000 and 1/4,000 in PBS, respectively. IgG and IgA 
antbody standards (3.125 to 200 ng/ml) were prepared by diluting purified human 
IgG (1.274 mg/ml; 14506; Sigma) and human IgA (1 mg/ml; 1 1010; Sigma) in 
PBST-5% milk. The RA serum, CTR plasma, and SF samples were diluted 1/1 0 6 
in PBST-5% milk. Peroxidase-conjugated goat anti-human IgG (A0293; Sigma) 
and peroxidase-conjugated goat anti-human IgA (A7032; Sigma) were diluted 
1/2,000 and 1/3,000 in PBST-5% milk, respectively. The ELISA was performed 
as described above for the bacterial suspensions. 

Calculation of antibody standard. The plates were coated with the whole 
bacterial suspensions. After some of the sera were screened, one sample with 
high levels of IgG antibodies (human serum) was used as the reference standard. 
This serum sample was assigned a value of arbitrary units by endpoint titration. 
In the subsequent analysis, twofold serial dilutions of this serum sample were 
added to each ELISA plate. In one plate some wells were coated with goat 
anti-human IgG (1 mg/ml; 13382; Sigma), and then a known amount (in nano- 
grams per milliliter) of purified human IgG (1.274 mg/ml; 14506, Sigma) was 
added. Some other wells of the same plate were coated with bacteria, and then 
the reference serum sample was added. The same amount of peroxidase-conju- 
gated goat anti-human IgG (A0293; Sigma) was added to the plate. The IgG 
titers for the human serum was read against the known IgG values. The units 
were translated to nanograms per milliliter. 

Antibody specificity. The human serum was mixed with P. gingivalis cells (1 
part diluted serum [1/50] and two parts P. gingivalis [1.5 X 10 9 cells/ml]). The 
mixture was shaken on a Schiittler MTS 4 shaker (IKA) for 4 h at room tem- 
perature and was then left overnight at room temperature. After centrifugation 
the supernatant was tested by ELISA with P. gingivalis, P. intermedia, and B. 
forsythus as antigens. Anti-human IgG (13382; Sigma) served as coat for standard 
IgG (14506; Sigma). ELISA was performed as described above with peroxidase- 
conjugated goat anti-human IgG (A0293; Sigma). 

Statistical analysis. Statistical analysis of the differences between the patient 
groups and the controls was carried out by the Mann-Whitney U test. The level 
of significance was set at a P value of <0.05. The associations between specific 
antibody levels and total IgG and IgA levels were analyzed by use of Spearman's 
rho correlation coefficient. The statistical analyses were performed with SPSS 
software (release 10.0.0; SPSS Inc., Chicago, III.). 



RESULTS 

Total Ig levels. The total IgG antibody levels were signifi- 
cantly higher in RA sera than in CTR plasma (P < 0.0001) 
(Table 1). Total IgG levels were also higher in RA-SF samples 
(P = 0.001) and SF samples from non-RA patients (non- 
RA-SF samples) (P < 0.0001) than in SF samples from pa- 
tients with OA (OA-SF samples) (Table 2). No differences in 
total IgA antibody levels in sera were seen (Table 3), but 
significantly higher IgA antibody levels were found in RA-SF 
(P = 0.001) and non-RA-SF (P < 0.0001) samples than in 
OA-SF samples (Table 4). 

Specific IgG and IgA antibody levels. RA sera contained 
significantly lower levels of antibodies against B. forsythus than 
CTR plasma (Tables 1 and 3). The P values for differences in 
IgG antibody levels were 0.003 and <0.0001 for IgA, respec- 
tively. In contrast, the levels of IgG antibodies against B. for- 
sythus were significantly higher in both RA-SF (P = 0.003) and 
non-RA-SF (P < 0.0001) samples than in OA-SF samples 
(Table 3). Significantly higher levels of IgA antibodies against 
B. forsythus were also seen in RA-SF (P = 0.027) and non- 
RA-SF (P < 0.0001) samples than in OA-SF samples (Table 
4). 

The levels of IgG antibodies against P. intermedia were sig- 
nificantly higher in both RA-SF (P = 0.024) and non-RA-SF (P 
< 0.0001) samples than in OA-SF samples (Table 2). Similarly, 
non-RA-SF samples had stronger antibody responses against 
B. forsythus and P. intermedia than RA-SF samples. 

The levels of IgA antibodies against P. intermedia in RA sera 
and SF samples and against P. gingivalis in SF samples were 
below the lowest standard value (<3.125 ng/ml) and were 
excluded as a result of the findings from the pilot studies with 
five randomly selected samples (Tables 3 and 4). 

Although the levels of IgG and IgA antibodies against P. 
gingivalis tended to be higher in RA serum and SF samples 
than in the plasma from the CTR group, the differences were 
not statistically significant (Tables 1 to 3). 



TABLE 3. Levels of specific IgA antibodies against P. gingivalis, P. intermedia, and B. forsythus in RA and CTR sera 



Sample 


No. of 




Mean (SD) IgA level (fjugfail) 




Mean (SD) total 


samples 


P. gingivalis 


P. intermedia 


B. forsythus 


IgA level (mg/ml) 


RA-serum 
CTR 


116 
100 


0.169 (0.176) 
0.129 (0.121) 


Not detectable^ 
Not detectable 


0.349 6 (0.275) 
0.532 (0.390) 


2.33 (1.50) 
2.28 (2.06) 



a Not detectable, values less than the lowest standard value used. 

b P < 0.0001 for differences in antibody levels between the patient group (RA serum) and the CTR group (CTR plasma) calculated by the Mann-Whitney U test. 
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TABLE 4. Levels of IgA antibodies against P. gingivalis, P. intermedia, and B. forsythus in SF 



Sample 


No. of 




Mean (SD) IgA level (jmg/ml) 




Mean (SD) total 


samples 


P. gingivalis 


P. intermedia 


B. forsythus 


IgA level (mg/ml) 


RA-SF 

Non-RA-SF 

OA-SF 


52 
43 
9 


Not detectable"" 
Not detectable 
Not detectable 


Not detectable 
Not detectable 
Not detectable 


0.275* (0.246) 
0.501 rf (0.440) 
0.100 (0.071) 


1.32 c (0.803) 
1.59 rf (0.949) 
0.47 (0.575) 



a Not detectable, values less than the lowest standard value used. 

b P < 0.05 for differences in antibody levels between each patient group and controls (OA-SF samples) calculated by the Mann-Whitney U test. 
c P < 0.01 for differences in antibody levels between each patient group and controls (OA-SF samples) calculated by the Mann-Whitney U test. 
d P < 0.0001 for differences in antibody levels between each patient group and controls (OA-SF samples) calculated by the Mann- Whitney U test. 



Higher levels of IgG antibodies against C. albicans mannan 
were seen in RA sera than in CTR plasma, although these 
differences were not significant (P = 0.072). The differences in 
IgG antibody levels in RA-SF and non-RA-SF samples com- 
pared to those in OA-SF samples were not statistically signif- 
icant, and the detectable IgA levels were below the lowest 
standard value. 

Total Ig and specific antibody levels. Significant associations 
between specific antibodies and the total Ig levels in serum and 
SF samples were detected. In RA serum (Fig. 1 and 2), total 
IgG antibody levels correlated with the levels of IgG antibodies 
against P. intermedia (r = 0.251; P = 0.007) and B. forsythus (r 
= 0.249; P = 0.007). No significant correlation was found 
between the levels of IgG antibodies against P. gingivalis and 
the total IgG level in RA sera. 

A significant correlation between the total IgA antibody 
level and the B. forsythus -specific IgA level was evident in RA 
serum (r = 0.198; P = 0.033). 

A significant correlation between the levels of IgG antibod- 
ies against P. intermedia and total IgG levels in RA-SF samples 
was present (r = 0.519; P < 0.0001) (Fig. 3). Increased levels 
of IgG (r = 0.372; P = 0.007) and IgA (r = 0.588; P < 0.0001) 
antibodies against B. forsythus correlated with increased total 
IgG and IgA antibody levels in RA-SF samples. No significant 
relation between the total antibody levels and specific Ig anti- 



body levels in non-RA-SF samples was shown. Significant re- 
lations between total antibody levels and C. albicans mannan 
specific antibodies were absent for RA serum, CTR plasma, 
and SF samples. 

When corrected for the total Ig levels (Ig level/total Ig level), 
lower levels of IgG and IgA antibodies against B. forsythus in 
RA sera than in CTR plasma (P < 0.0001) were demonstrated 
(Table 5). Although the differences were not significant (P = 
0.120), a tendency toward higher levels of IgG antibodies 
against B. forsythus in the non-RA-SF and RA-SF samples than 
in OA-SF samples was seen. For IgA this tendency was also 
evident in non-RA-SF samples (Table 5). Minor differences 
were detected for P. intermedia. 

Serological data and antibody levels. The sera of 63 (54.3%) 
of the RA patients were RF positive, and significant relations 
between RF titers and total IgA antibody levels (r = 0.698; P 
< 0.0001) and between RF titers and the levels of IgG anti- 
bodies against P. gingivalis (r = 0.189; P = 0.043) were found. 
No significant associations between RF titers and total IgG 
levels or between RF levels and the levels of specific Ig against 
the other bacteria and C. albicans were seen. 

The SF of 16 (32%) of the 50 RA patients was RF positive, 
and a significant correlation between RF levels and total IgA 
antibody levels was found (r = 0.449; P = 0.001). The SF of all 
of the non-RA patients was RF negative, and the SF of one of 




Anti- P. inter me dia-lgG (jag/ml) 



FIG. 1. Relation between levels of IgG antibodies against P. intermedia and total IgG levels in RA serum. 
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Anti- B. forsythus-lgG (jug/ml) 
FIG. 2. Relation between levels of IgG antibodies against B. forsythus and total IgG levels in RA serum. 



the OA patients was RF positive. No significant correlation 
was seen between RF titers and total IgG antibody levels or 
between RF levels and the levels of Ig against the other bac- 
teria and C. albicans in SF. 

The median CRP level among the serum samples from RA 
patients was 20.8 mg/liter (range, 0 to 139 mg/liter). A signif- 
icant association between CRP and total IgG levels (r = 0.291; 
P = 0.002) was found. Positive associations between CRP 
levels and both the levels of IgG antibodies against B. forsythus 
(r = 0.187; P = 0.047) and the levels of IgG antibodies against 
P. intermedia (r = 0.227; P = 0.016) were also demonstrated. 

The mean CRP level for the RA-SF group was 52.0 mg/liter 
(range, 2.0 to 122.0 mg/liter), that for the OA-SF group was 5.8 
mg/liter (range, 4.0 to 9.0 mg/liter), and that for the non- 
RA-SF group was 43.4 mg/liter (range, 0 to 240 mg/liter). For 



the RA-SF group, there was a significant correlation between 
CRP levels and the levels of IgA antibodies against B. forsythus 
(r = 0.302; P = 0.037) and between CRP levels and total IgA 
levels (r = 0.489; P < 0.0001). 

Antigen specificity. Testing of the antigen specificity be- 
tween P. gingivalis and the other two bacteria showed that 70% 
of the anti-P. gingivalis IgG antibodies did not react when they 
were mixed with the P. intermedia suspension and that 77% of 
the anti-P. gingivalis IgG antibodies did not react when they 
were mixed with the B. forsythus suspension. 

DISCUSSION 

In this study we have shown that there is a different immune 
response against some selected periodontal pathogens in se- 
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TABLE 5. Levels of antibodies against B. forsythus and P. intermedia corrected for total Ig levels 



Sample 



No. of 
samples 



Mean (SD) ratio (10 5 ) of IgG level/total 
IgG level 



B. forsythus 



P. intermedia 



Mean (SD) ratio (10 5 ) of IgA level/total IgA 
level 



B. forsythus 



P. intermedia 



RA serum 


116 


15.7* (12.4) 


8.90* (5.5) 


20.6 a (23.0) 


Not detectable 0 


Control plasma 


100 


28.3 (23.2) 


12.4 (11.1) 


28.9 (22.0) 


Not detectable 


RA-SF 


52 


18.3 (14.4) 


10.3 (6.7) 


22.2* (16.6) 


Not detectable 


Non-RA-SF 


43 


19.7 (17.5) 


11.3 (7.9) 


40.1 (39.5) 


Not detectable 


OA-SF 


9 


11.7 (5.0) 


11.8 (5.9) 


32.4 (12.8) 


Not detectable 



a P < 0.0001 for differences in antibody levels between the patient group (RA serum) and the CTR group (CTR plasma) and between RA-SF, non-RA-SF, and 
OA-SF samples calculated by the Mann- Whitney U test. 

b P < 0.05 for differences in antibody levels between the patient group (RA serum) and the CTR group (CTR plasma) and between RA-SF, non-RA-SF, and OA-SF 
samples calculated by the Mann- Whitney U test. 

c Not detectable, values less than the lowest standard value used. 



rum and SF between arthritis patients and controls. Signifi- 
cantly higher levels of IgG and IgA antibodies against B. for- 
sythus and P. intermedia were found in SF from RA- and 
non-RA-patients than in SF from OA patients. However, the 
levels of antibodies against P. gingivalis in RA sera were com- 
parable to those found in the plasma of the CTR group, which 
has also been demonstrated by others (42). These findings 
could indicate that a stronger activation of specific B cells with 
the subsequent formation of antibodies directed especially 
against B. forsythus and P. intermedia is present in the joints of 
RA patients and patients with other arthritides. 

The lower total antibody levels in SF compared to those in 
serum, findings which are in agreement with those of other 
investigators (27), imply that this immune response predomi- 
nantly takes place in the surrounding tissue and to a lesser 
degree in the joint cavity. A possible mechanism for this is the 
capture of bacterial DNA or bacterial products in the synovial 
tissue, where they promote proinflammatory responses. 
Plasma cells may also be recruited nonspecifically to the joint. 
Higher mean levels of Ig antibodies (Tables 1 to 5) against B. 
forsythus compared to the levels of antibodies against P. inter- 
media were found. This and the fact that only IgA antibodies 
against B. forsythus could be detected in SF support the as- 
sumption of a particularly strong synovial immune response to 
B. forsythus. 

We also demonstrated significantly lower levels of IgG and 
IgA antibodies against B. forsythus in RA serum than in the 
plasma of the CTR group. Given the higher SF antibody con- 
centrations, it could be assumed that the B-cell homing mech- 
anism toward synovial tissue is more pronounced in RA pa- 
tients and patients with other arthritides and that this homing 
mechanism is particularly strengthened for B. forsythus. It has 
also been demonstrated that mucosal lymphocytes in particular 
are able to home to the synovium by expression of relevant 
adhesion molecules (8). The explanation why the levels of 
antibodies against this pathogen were particularly lower in RA 
serum is disputable. However, studies have shown reduced 
systemic levels of IgG against peptidoglycans from intestinal 
bacteria, indicating insufficient protection from spreading pep- 
tidoglycans, which was hypothesized to contribute to inflam- 
matory processes (30). 

To the best of our knowledge, our study is the first to inves- 
tigate the role of periodontal pathogens in SF from RA pa- 
tients and patients with other arthritides. Previous studies have 



focused on the role of antibody levels in the sera of patients 
with periodontal disease (2, 13, 22, 42). Researchers have also 
been interested in the role of the concentrations of antibodies 
against periodontal pathogens in the serum of RA patients and 
have investigated the relationship between periodontal disease 
and RA (21, 28, 29, 33, 41, 42). However, very few studies have 
been able to provide clinical periodontal data as a supplement 
to the immune status. Periodontal status has been shown to 
vary between RA patients and controls, and it is assumed that 
patients with long-standing active RA have an increased fre- 
quency of periodontal disease (21). Our findings regarding the 
mean antibody levels (Tables 1 to 5) could support this as- 
sumption that the incidence of periodontal disease could be 
higher in RA patients and patients with other arthritides than 
in healthy blood donors and OA patients, respectively. 

Many similarities between the immunopathologies of RA 
and periodontal disease have been detected (29, 41, 42). Both 
are destructive, chronic, and inflammatory conditions and may 
have an acute or chronic presentation. Periodontitis affects 
single or multiple sites within the oral cavity, leading to the loss 
of the supporting periodontal tissue (23). In parallel with the 
pathogenesis seen in RA, the degenerative capability of peri- 
odontitis may be initiated and maintained by the presence of 
endotoxins and exotoxins introduced by microbial organisms 
(13, 32, 44). It is suggested that while T lymphocytes and 
polymorphonuclear cells dominate in the early stages of plaque 
accumulation and gingivitis, B cells dominate in more ad- 
vanced lesions, with a higher degree of soft tissue destruction 
and bone loss (9, 36). As is seen in periodontal disease (5, 15, 
20, 36), B cells are activated in the synovial tissue in patients 
with arthritis, leading to a spontaneous secretion of Igs (IgG, 
IgA, and IgM) (1). This lymphocytic response may lead to the 
subsequent formation of immune complexes, which are capa- 
ble of inducing a spectrum of inflammatory mediators (17, 34). 
In patients with periodontal disease, inflammatory mediators 
are connected to tissue destruction and bone loss (15). 

The cell wall polysaccharide mannan is considered a major 
antigen of the yeast C. albicans and has the ability to stimulate 
specific cell-mediated and humoral IgG and IgA immune re- 
sponses (26). It has been shown that mannan antibodies more 
frequently appear in sera from patients with Crohn's disease 
and ulcerative colitis than in controls (6). In our study, we did 
not find any significant differences in seroreactivity to C. albi- 
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cans between RA sera and the plasma of the CTR group or 
between RA-SF, non-RA-SF, and OA-SF samples. This could 
indicate that the activation of B cells against C. albicans in 
serum or synovial tissue is a rare event. 

In this study we found that high levels of antigen-specific 
antibodies against periodontal pathogens weakly correlated 
with the total IgG and IgA antibody levels (Fig. 1 and 2). 
However, when the levels were corrected for total IgG levels 
(Table 5), lower IgG antibody levels in RA serum compared to 
those in CTR plasma and higher levels in RA-SF and non- 
RA-SF samples compared to those in OA-SF samples still 
predominated. Corrected values for the non-RA-SF group 
supported the initial findings of the stronger generation of IgA 
against antibodies B. forsythus in the SF of non-RA patients 
than in the SF of the OA patients (Table 5). These results are 
further strengthened by the fact that CRP levels correlated 
significantly with the levels of IgA antibodies against B. for- 
sythus in the RA-SF group. 

Considering the mean age differences in the non-RA-SF 
group compared to the RA-SF group and the OA-SF group, it 
might also be suggested that the immune response is stronger 
in younger patients. 

The RF titers did not seem to correlate with the Ig levels 
against the different bacteria. These findings demonstrate that 
elevated levels of Ig antibodies against periodontal bacteria in 
arthritis patients are independent of an up-regulated immune 
response in general and underline the initial assumption of 
elevated levels of antibodies against P. intermedia and B. for- 
sythus in the RA-SF and non-RA-SF samples compared to 
those in the OA-SF samples. 

Research regarding the role of intestinal bacteria and the 
connection between arthritis and bacterial products or bacte- 
rial DNA has been presented (30, 37). In light of this, one 
might assume that our results elucidate an association between 
oral microbial flora and arthritis. The higher levels of antibod- 
ies against these bacteria in arthritis patients demonstrate that 
they have a higher affinity for the antigens possessed by the cell 
membranes of periodontal pathogens than those of antibodies 
in other patient groups. This could be due to earlier exposure 
to bacterial antigens or products in certain regions such as the 
synovium or connective tissue as a result of shared antigens 
between related species in the oral and the intestinal floras. 
More research should be carried out in this field to elucidate 
the similarities between oral and intestinal pathogens and their 
possible arthritogenic capacities. 

In conclusion, we have demonstrated evidence for raised 
levels of antibodies against some selected periodontal patho- 
gens in the serum and intra-articular space of patients with 
different forms of arthritis, with a special focus on RA. Al- 
though the levels of antibodies were significantly higher against 
P. intermedia and B. forsythus in serum and SF samples from 
RA patients than in SF samples from OA patients, we dem- 
onstrated that the levels of antibodies against P. gingivalis were 
only slightly elevated. This could indicate a potential connec- 
tion between periodontal and joint diseases, and our data 
should lead to more studies in order to evaluate the effect of 
oral microorganisms in relation to the pathogenesis of RA and 
related arthritis disorders. 
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Within the periodontium, the characteristic shift in 
microbial compositions that occurs during the tran- 
sition from health to disease has been well documen- 
ted (132, 206). Concurrently, it has also become 
apparent that these changes or differences in oral 
microbial compositions correlate with different 
innate responses (41). What is not well understood 
is the effect these different microbial populations 
have on inflammatory processes, especially those 
that have been "established" by the host to maintain 
health (184). Any disruption of this "established" 
state, whether by commensal bacteria, pathogenic 
bacteria or a compromise in the local or systemic 
health of the host will lead to an altered host condi- 
tion, resulting in disease. With this in mind, one 
begins to appreciate the critical importance of host 
regulation within the sentinel state of the innate host 
defense system, and its relation to the pathogenesis 
of periodontal disease(s). 

Although once thought of as the nonspecific arm of 
the inflammatory response, molecular advances 
have revealed that, in fact, a unique specificity does 
exist within the innate immune system. This speci- 
ficity occurs due a consensus within the repertoire of 
receptors and their specific ligands that have evolved 
to allow for rapid identification and response to non- 
self (96) or to danger (143). For example, structural 
constraints within the binding capacity of pattern 
recognition receptors represent a way that the host 
uses molecular recognition to distinguish between 
self-carbohydrate structures and microbial carbohy- 
drate components. In addition, lipopolysaccharide 
binding protein-CD14-dependent presentation of 
microbial components also helps define the molecu- 
lar interaction during the initial interaction between 
microbial components and lipopolysaccharide bind- 



ing protein, or during transfer of this lipopolysac- 
charide binding protein-microbial component to 
CD 14, and during subsequent interactions with 
membrane bound cell activation complexes on the 
host cell itself. These interactions contribute to the 
fact that inflammatory mediators, made in res- 
ponse to gram-positive bacteria, have significantly 
less activity than comparable amounts of gram- 
negative lipopolysaccharide during in vitro and 
in vivo inflammatory assays as well as differential 
responses to different gram-negative lipopolysac- 
charides themselves (11, 42, 177, 196). In addition, 
specific structural differences, such as fatty acid acy- 
lation and phosphorylation, are key components in 
host cell responses to bacterial inflammatory media- 
tors. Another advance in understanding the role of 
specificity within the innate immune system has 
come from the discovery that different toll-like 
receptors recognize different molecular compo- 
nents, thereby activating different innate pathways. To 
accomplish this, Toll pattern recognition receptors 
work in conjunction with serum soluble proteins, 
other Toll receptors or membrane bound proteins, 
thus enabling host cells to differentially identify and 
respond to gram-positive or gram-negative bacteria. 
These interactions, in turn, enable the host cells to 
sample and sort through their current environmental 
condition, in terms of commensal or pathogenic bac- 
terial presentation, and selectively mount an appro- 
priate response. 

Advances in molecular characterization of innate 
response have revealed that immunoregulation of 
the innate response may occur at several different 
locations within the periodontium, or by several 
different mechanisms, none of which is mutually 
exclusive. Both gram-positive and gram-negative 
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bacteria are constantly shedding specific inflamma- 
tory mediators into the periodontal tissues and the 
host has evolved specific mechanisms to identify 
these released mediators. This constant flow of 
inflammatory products creates a "molecular dialo- 
gue" between the bacteria and the host that differs in 
health and disease. Therefore, to establish health, a 
basal or constitutive expression of innate effector 
molecules and receptors is present and facilitates 
molecular recognition through dialogue with bac- 
teria and bacterial products within the gingival tis- 
sues. In addition, this dialogue results in host 
receptor expression levels changes facilitating a form 
of innate immunoregulation that ensures continued 
appropriate effector responses. Disruption of any of 
these factors can and does lead to disease (38). 
Therefore, the "status" of the host, whether it be 
health or disease, is established through the interplay 
of bacteria and host tissues, involving both molecu- 
lar recognition and immunoregulation within the 
innate immune system. 



lial cell wall, initiating a "rolling" stage necessary 
for leukocyte exit (195). Once in the tissue, it is 
postulated that the neutrophils "crawl" along cells 
using the ICAM receptor and follow a concentration 
gradient of interleukin (IL)-8, a potent neutrophil 
chemotactic cytokine that has been established by 
the resident epithelial, fibroblasts or macrophages 
responding to the bacteria (151, 211). Interestingly, 
this E-selectin and ICAM gradient, within the vascu- 
lature and junctional epithelium, is established 
well before any overt clinical or histologic signs of 
inflammation become apparent (151, 157, 165). The 
expression of these host mediators serves as a means 
by which the innate sentinel state is established and 
is therefore an intricate component of clinically 
healthy periodontal tissues. Other chemotactic fac- 
tors and their host receptors, such as the f-Met-Leu- 
Phe (fMLP) receptor, may also contribute to the 
healthy state of periodontal tissues; however, their 
direct mechanisms are not yet fully understood 
(166, 216). 



The innate host defense status is 
different in health and disease 

Health 

The establishment of health within the gingival tissue 
results from an ongoing and active event comprising 
the institution of a "wall" of neutrophils strategically 
located between the bacteria and the junctional 
epithelium. Neutrophil infiltration occurs within 
the periodontal tissues closest to the colonized tooth 
root surface (117). Immunohistochemical and in situ 
analysis suggests involvement of low level E-selectin 
and intracellular adhesion molecule 1 (ICAM-1) 
expression, which likely facilitates extravasation of 
the neutrophil out of the vasculature and accumula- 
tion in the gingival tissue (165) (Fig. 1A). Expression 
of E-selectin on endothelial cells creates a tethering 
interaction between the leukocyte and the endothe- 



Disease 

Loss of a functional inflammatory infiltrate leads to 
significant alterations in the health of the periodontal 
tissues. In situ hybridization using 35S-labeled ribo- 
probes in frozen sections of bacterially infected and 
inflamed periodontal tissues revealed maximal IL-8 
expression and neutrophil accumulation within the 
junctional epithelium adjacent to the infecting 
microorganisms (210). In the same study, MCP-1, a 
potent macrophage chemotactic cytokine, showed 
increased expression, along with a corresponding 
macrophage accumulation along the basal layer of 
the oral epithelium. In a related study, monoclonal 
antibodies for E-selectin (ELAM-1) and ICAM-1 
revealed a gradient expression that was highest 
within connective tissue adjacent to the junctional 
epithelium in experimentally induced gingivitis 
(151). Alteration of neutrophil /macrophage diaped- 
esis, chemotaxis and migration leading to an absence 



Fig. 1. Microbial contributions to the innate host defense status of healthy and diseased periodontal tissue. Healthy 
periodontal tissue is protected from infection by the continuous transit of neutrophils from the highly vascularized tissue 
surrounding the tooth root surface into the gingival crevice. (A) One molecular mechanism by which the specific microbial 
consortium associated with healthy periodontal tissue facilitates this neutrophil transit. Defects within the innate host 
defense system (B) and specific periodontal pathogenic bacteria (C) can disrupt this key protective feature of healthy tissue 
and result in disease. (B) Current knowledge about the innate host defense status in individuals with leukocyte adhesion 
deficiency (LAD, a congenital disease that results in the formation of a non- functional intracellular adhesion molecule 
(ICAM) receptor). Individuals with this defect in innate host defense display a severe form of periodontitis that does not 
require specific periodontal pathogens. (C) The authors' hypothesis (supported by in vitro observations) that P. gingivalis 
creates an innate host defense defect that also disrupts neutrophil transit through the periodontium. The mechanisms by 
which this disruption of normal periodontal tissue function results in disease are currently not understood. 
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of the protective inflammatory barrier, or defects 
within the neutrophil or macrophage themselves 
render the host susceptible to a wide variety of 
bacterially induced disease. These innate cellular 
abnormalities can occur due to congenital defects 
or deficiencies of the host (31, 78, 222) or by immuno- 
suppressive agents used to treat other systemic 
diseases (9, 80, 185, 233), environmental and beha- 
vioral factors (58, 65, 66) or a variety of strategies 
designed by the pathogen itself to avoid the protec- 
tive mechanisms of the innate system. Regardless of 
the cause, evidence suggests that during the innate 
host response phase, diminished or altered function, 
and/or localization of neutrophils or macrophages, is 
critical for the establishment and severity of chronic 
inflammatory diseases (41). 



Microbial compositional shifts 

The transition from health to disease in the period- 
ontal tissues is accompanied by a change of the pla- 
que microflora from predominantly gram-positive 
aerobic cocci to predominantly gram-negative rods 
(133). Although hundreds of species of bacteria have 
been identified in plaque, the total bacterial load 
which can be cultured from an individual healthy 
sulci is relatively low. As reported in health, the den- 
tal plaque biofilm consists mostly of gram-positive 
species of bacteria including actinomyces and strep- 
tococci, with approximately 15% gram-negative spe- 
cies being found (206). In contrast, periodontally 
diseased sites show a corresponding increase in the 
number of gram-negative organisms (15-50%) (206). 
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Specific bacteria, such as Fusobacterium nucleatum 
have been implicated in assisting this transition from 
health to disease not only due to their high numbers 
in gingivitis and periodontitis, but also by facilitating 
co-aggregation between gram-positive and gram- 
negative bacteria (149, 226). 

Accompanying this compositional microbial tran- 
sition from health to disease is an increase in total 
bacterial numbers. Approximately 10 2 -10 3 bac- 
teria are found in healthy periodontal tissue (206), 
increasing to 10 4 -10 6 organisms during gingivitis 
(206) and escalating as high as 10 5 -10 8 organisms 
during periodontitis (41). It is thought that disease 
ensues when this elevation in bacterial count crosses 
a homeostatic threshold (158). Although bacteria can 
be found as free floating isolates, much of the current 
emphasis is being placed on bacterial biofilm forma- 
tion. Dental plaque oral biofilms have been defined 
as "matrix-enclosed bacterial populations adherent 
to each other and/or to surfaces or interphases" (33). 
In short, bacteria bind to a pellicle formed from 
saliva and crevicular fluid and to one another by 
specific and nonspecific interactions in a highly spe- 
cific succession of species, thereby forming a biofilm. 
These adhesive interactions within the biofilm have 
been shown to be very stable and resistant to 
removal. In addition, perhaps one of the most sig- 
nificant consequences of recalcitrant biofilm forma- 
tion is the provision of a constant source of microbial 
antigens to periodontal tissues. Therefore, clinical 
treatment is usually based upon removal or reduc- 
tion of the bacteria through mechanical measures or 
the use of selective bacteriostatic or bacteriocidal 
antibiotics locally or systemically, which is consistent 
with other medical treatment models dealing with 
bacterial infections (41, 126, 193). 

Structures released from bacteria enter 
the tissue and act as molecular 
modulins 

Microbial composition characteristics and increased 
bacterial numbers undoubtedly affect the amount 
and type of bacterial antigens that are released into 
periodontal tissues. Within the dental biofilm, solu- 
ble components of the plaque organisms as well as 
membrane vesicles are shed into the crevicular fluid 
and permeate the gingival tissues (63, 156, 188, 227). 
These shed components modulate the inflammatory 
response in the local tissues by interacting with spe- 
cific receptors on the various cell types in the gingival 
tissues, such as CD14, integrins, lipopolysaccharide 
binding protein, moesin, scavenger receptors, toll- 



like receptors, MD-2 and MyD88, (3, 6, 41, 81, 145, 
189, 205), and inducing the expression of inflamma- 
tory mediators such as tumor necrosis factor (TNF)- 
a, interleukins and prostaglandins. This, in turn, 
initiates an orchestrated cascade of activation that 
includes cells of myeloid and nonmyeloid origin as 
well as an adaptive immune response via direct and 
indirect pathways (41). 

The most extensively studied bacterial modulator 
of immune /inflammatory response has been lipopo- 
lysaccharide. Lipopolysaccharide is a key component 
of the cell wall of gram-negative bacteria. It is com- 
posed primarily of sugars, fatty acids and phosphate. 
Lipopolysaccharide consists of three regions: a phos- 
phorylated glucosamine disaccharide substituted 
with fatty acids known as lipid A, a highly variable 
O-polysaccharide, and a conserved core oligosac- 
charide that links the lipid A to the O-polysaccharide. 
Of these three regions, it is the lipid A that possesses 
the majority of the activity inducing an inflammatory 
response (Table 1). Lipopolysaccharide from oral 
bacteria have the same general lipid A structure (bet- 
ter known as the enterobacterial type), consisting of a 
P-(l,6)-glucosamine disaccharide substituted with 
hydroxylated and nonhydroxylated fatty acids in 
addition to phosphate (150). Complete lipid A struc- 
tures are known for only a few oral species, notably 
Porphyromonas gingivalis and Actinobacillus actino- 
mycetemcomitans (123, 142), but it is clear that some 
are similar to Escherichia coli and others are signifi- 
cantly different (Table 1). A actinomycetemcomi- 
tans, an organism associated with localized juvenile 
periodontitis, has a lipid A structure differing from 
that of E. coli only in the replacement of the dode- 
canoate with tetradecanoate on the 2' linked 
hydroxy-tetradecanoic acid. This results in a struc- 
ture identical to that reported previously for Haemo- 
philis influenzae (142). Studies of the isolated lipid A 
of P. gingivalis lipopolysaccharide reveal a structure 
similar to the lipid A of Bacteroides fragilis (225) with 
a small number of long chain fatty acids linked to a 
P-(l,6)-D-glucosamine disaccharide, phosphorylated 
only at the 1 -carbon position (Table 1). 

Other modulators of inflammation derived from 
periodontal bacteria are much less studied. Although 
gram-positive bacteria do not contain lipopolysac- 
charide they do contain a phosphorylated glycolipid 
with some structural similarities to lipopolysacchar- 
ide known as lipoteichoic acid. Lipoteichoic acids 
from a variety of bacteria including oral gram-posi- 
tive bacteria have been reported to activate host cells, 
although at a much lower potency than lipopolysac- 
charide (22, 107, 199). Peptidoglycan is a component 
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Table 1. Lipid A and core composition and select biologic activity of lipopolysaccharide from various oral bacteria 
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from Ref (11). 



of the cell wall of both gram-positive and gram-nega- 
tive bacteria and also stimulates inflammatory 
mediator production, again at a lower potency than 
lipopolysaccharide. Peptidoglycan, another identi- 
fied inflammatory molecule, has been isolated from 
several periodontal organisms (19) and stimulates 
prostaglandin production in human monocytes 
when applied in the microgram per milliliter range 
(18). Other factors such as purified fimbriae or syn- 
thetic peptides from P. gingivalis have been shown to 
activate human gingival epithelial cells to secrete 
IL-8 (191). Henderson (18) has reported that lipid A 
binding proteins from P. gingivalis are able to stimu- 
late IL-6 secretion in human gingival fibroblasts. This 
last observation has practical significance with 
regards to evaluating the activity of lipopolysacchar- 
ide preparations since it indicates that part of the 
activity ascribed to lipopolysaccharide preparations 
may sometimes be due to tightly bound lipid A asso- 
ciated proteins that are present as contaminants. A 



non-endotoxic glycoprotein isolated from Prevotella 
intermedia was found to induce a high level of IL-8 
activity in human monocytes, although the chemical 
identity of this material did not appear to be highly 
defined (54). An important finding in terms of host 
inflammatory modulation comes from research 
involving P. gingivalis. Cysteine proteases from 
P. gingivalis have been shown not only to stimulate 
the release of inflammatory mediators from cultured 
gingival cells but also to have the ability to actively 
degrade cytokines (33, 67). This degradation of host 
mediators is another tool that bacteria may use to 
modulate the inflammatory condition to their benefit 
and is likely to be important in the development and 
progression of periodontitis. Besides lipopolysac- 
charides and lipoteichoic acid, the host may respond 
to other bacterial products, including lipoproteins, 
fimbriae, porins, Lipid A associated proteins, pepti- 
doglycans, heat shock proteins and nucleic acids 
(25, 56, 71, 82, 137, 191, 200). 
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In summary, the innate immune system has 
developed highly structured and specific effector 
mechanisms to respond to bacterial products that 
are known to permeate the gingival tissue. These 
mechanisms give an insight into the complex inter- 
action of commensal bacteria, pathogenic bacteria 
and the appropriate host response and are essential 
for the system designed for the immuno surveillance 
of the periodontium. In addition, there is convincing 
evidence that these innate effector mechanisms and 
their interaction with specific bacterial inflammatory 
modulins evolved prior to the emergence of adaptive 
immunity (96, 144). 

Innate defense specificity occurs via 
a complex network of host receptors 
and signaling molecules 

Pattern recognition receptors 

Dental plaque bacteria interact with host cells either 
by direct adherence mechanisms, invasion of specific 
cells such as gingival epithelial cells or the produc- 
tion of components that are recognized directly by 
the host immune cells via pattern recognition recep- 
tors. These receptors identify specific structural pat- 
terns with the appropriate spatial orientation that are 
unique to bacterial cells (172, 212). For example, 
lipopolysaccharide, double- stranded RNA, unmethy- 
lated CpG motifs, specific mannans and glycans are 
all examples of microbial components that contain 
essential structural features that cannot be modified 
by the organism without changing its core structure 
(96, 144). Although variability and molecular hetero- 
geneity exists within bacterial components, alteration 
of these essential structural features would destroy 
pathogenicity altogether or alter some indispensable 
bacterial function that is essential for its survival (144). 

Pattern recognition of conserved core bacterial 
components serves as the basis for specificity within 
innate host cells and innate cells have, in fact, 
evolved to recognize a wide range of distinct micro- 
bial patterns (96). By recognizing common bacterial 
patterns rather than the milieu of different bacterial 
structures, polyspecificity is ensured within the 
innate immune system. This polyspecificity enables 
a rapid response by a relatively small number of host 
effector cells armed with a constitutive repertoire of 
receptors, identifying a range of distinct but con- 
served microbial pattern(s). In addition, this recogni- 
tion and response occurs without the need for clonal 
expansion of specialized adaptive cells with highly 



specialized receptors for specific foreign structures 
(96). Furthermore, pattern recognition receptors 
have the ability to discriminate between self, non- 
self structures and danger signals due to the struc- 
tural heterogeneity that exists within the microbial 
component recognized (143). This discrimination 
assists in effectively identifying commensal or patho- 
genic species within the local tissue environment 
and/or initiating the adaptive response when chal- 
lenged with specific or unique pathogenic bacteria 
that cannot be effectively eliminated. 

Lipopolysaccharide binding protein/ 
CD 14 

Lipopolysaccharide has been shown to activate a 
variety of cell types in CD14-dependent manner. 
Lipopolysaccharide binds to the serum protein lipo- 
polysaccharide binding protein and is transferred to 
either soluble CD 14 (sCD14) or membrane bound 
CD14 (mCD14). Some cell types (monocytes, neu- 
trophils) have mCD14 present on their cell surface 
as a glucosylphosphatidylinositol anchored protein, 
whereas others (endothelial cells) rely on the pre- 
sence of soluble protein. The CD14-bound lipopoly- 
saccharide interacts with a receptor complex on the 
cell surface that includes toll-like receptor 4 and the 
accessory protein MD-2 and initiates one or more 
intracellular pathways leading to expression of 
inflammatory mediators. Binding of lipopolysacchar- 
ide to CD14 has been shown to be the result of 
electrostatic interactions with numerous charged amino 
acids present on CD 14. It is likely that the nature of 
this interaction allows CD 14 to act as " molecular 
flypaper'' (118), binding not only structurally diverse 
lipopolysaccharide but also other bacterial com- 
ponents such as peptidoglycan and lipoteichoic acid 
(199, 214). Although CD14 binds a variety of different 
microbial components, studies have demonstrated 
that different host responses to specific microbial 
structures occur after CD14 binding (44, 111). 

Specific microbial component 
recognition via toll-like receptors 

Toll-like receptors have been shown to recognize 
different microbial components (6, 147). These 
receptors were named in reference to the class of 
genes in Drosophila known as Toll Drosophila Toll 
was originally noticed for its role as a developmental 
gene. Later it was found that Toll was part of the 
innate immune response of Drosophila to bacterial 
and fungal pathogens. The involvement of related 



59 



Dixon et al 



proteins (toll-like receptors) in the mammalian 
response to pathogens was discovered later from 
two separate lines of research. One line of research 
that led to Toll was the discovery that the gene {Lps) 
responsible for lipopolysaccharide unresponsiveness 
in mouse non-responder strains, particularly C3H/ 
HeJ and C57BL/10ScCr, mapped to the locus of toll- 
like receptor 4 (6, 145, 147, 178). Independent of this 
line of work, Yang et al. (231) and Kirschning et al. 
(110) employed transfection-based strategies to 
identify toll-like receptor 4 as the lipopolysaccharide 
transducer among the family of toll-like receptor 
proteins. Subsequent work has indicated that other 
toll-like receptors are important in the host response 
to other bacterial ligands. Toll-like receptor 2 has 
been implicated in response to lipoteichoic acid 
(164, 201), lipoproteins (25, 56), fimbriae (70) and 
peptidoglycan (82, 145); toll-like receptor 3 in 
response to double -stranded RNA (4) and toll-like 
receptor 9 in response to DNA (81). Toll-like receptor 
1 and toll-like receptor 6 have been reported to act 
synergistically with toll-like receptor 2, apparently by 
forming heterodimers (71). Other toll-like receptors 
remain largely uncharacterized with regard to func- 
tion. 

Various molecules are known to form complexes 
with toll-like receptors at the host cell membrane. 
These include CD14, the secreted factor MD-2 and 
the adaptor protein MyD88, although an MyD88 
independent pathway has been described (3, 189, 
191, 205, 224). Additional molecules continue to 
become known, including Mai and Tollip (91, 145). 
In the case of lipopolysaccharide, the ligand is com- 
plexed to CD 14 and then forms a complex at the cell 
surface that includes toll-like receptor 4 and MD-2 (3, 
220). Signal transduction includes recruitment of 
MyD88 and IL-1 receptor associated kinase and 
results in nuclear translocation and gene activation 
of specific inflammatory mediators including IL-1 
and TNF-a (6). 

Intracellular signaling within the innate 
immune system 

Once the innate cell receptor has bound its specific 
ligand the response kinetics to this interaction must 
be immediate, thus defining one of the hallmark 
characteristic features of the innate immune system. 
To facilitate this response, specific intracellular sig- 
naling pathways have been shown to be utilized by 
specialized cells in their rapid response to environ- 
mental stresses, osmotic changes or inflammatory 
cytokines. 



Mitogen activated protein kinase (MAPK) signal 
transduction pathways have been shown to be the 
most prevalent intracellular signaling pathways uti- 
lized by host cells (125). The highly conserved MAPK 
pathway consists of a sequential, trimolecular cas- 
cade of MAPK, MAPK kinase and MAPKK kinase (69). 
Upon phosphorylation, this kinase cascade activates, 
either separately or in combination, specific tran- 
scription factors, which then translocate into the 
nucleus, inducing new gene expression (186). 

Effector intracellular pathways within cells of the 
innate immune system are activated by specific 
receptor-ligand interactions (Fig. 2). For example, 
lipopolysaccharide initiated receptor-ligand bind- 
ing results in rapid tyrosine phosphorylation of 
upstream cytoplasmic proteins for MAPK, which 
have been identified as members of the src family 
of tyrosine kinases (67). Specifically, lyn, hck and fgr 
have all been shown to be activated in response to 
lipopolysaccharide stimulation in macrophages (83, 
197, 221). These Src-family kinases seem to play an 
important role in the early stages of initial intracel- 
lular signal propagation and signal amplification 
(128), thus helping to inform the cell not only of its 
receptor-ligand binding activity, but also of the 
surrounding environmental milieu. If a kinase - 
associated receptor is activated, this initiates a multi- 
step process that phosphorylates and activates 
multiple cytoplasmic molecules, which can ulti- 
mately lead to specific gene expression (1, 59, 128). 
Inhibition of protein tyrosine kinase, with the speci- 
fic inhibitors herbimycin and genistein, has been 
shown to block 12-16-fold increases in lipopolysac- 
charide induced mRNA levels of IL-1 (3, IL-6 and 
TNF-a (59). Src- family kinases have also been shown 
to possess the ability to inhibit cell activation as well 
as be positive regulators (128). For example, selec- 
tively expressed SHPS-l/SIRPa, an ITIM containing 
receptor on macrophages, have been shown to be 
negatively regulated by the Src-family kinase Fgr in 
regard to FcyR-mediated phagocytosis (64). 

Other intermediate signaling mediators of the 
MAPK associated pathways downstream to the prox- 
imal Src-family kinases, such as the small proteins 
transducein and Gi, have also been shown to be 
activated during lipopolysaccharide stimulation 
(95). In addition to these, activation of protein kinase 
C plus associated isoforms, as well as phosphatidy- 
linositol (PI)3 -kinase, have also been shown to occur 
(85, 86, 134, 186, 189). Inhibition of MEK via specific 
inhibitor U0126 has been shown to inhibit this 
MAPK kinase in monocytes, reducing the levels of 
inflammatory cytokines such as IL-1, IL-8, TNF-a, 
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Fig. 2. Activation of specific intracellular pathways within 
the innate immune system leads to expression of specific 
effector molecules. Adapted from Guha & Mackman (67). 



LPS, lipopolysaccharide. LBP, lipopolysaccharide binding 
protein. 



and prostaglandin E 2 following lipopolysaccharide 
activation, verifying the importance of the MAPK 
associated pathway (s) in the host response to nox- 
ious stimuli (68, 186). 

Extracellular signal-related kinases (ERK 1/2) (26, 
134), c-Jun amino terminal kinases (JNKs) (72), and 
p38 (32) have all been elucidated as specific down- 
stream members of the MAPK family of protein 
kinases (68). These distinct and sometimes over- 
lapping pathways are located distal to the protein 
tyrosine kinases involved in the initiation and 
amplification of the intracellular signal. These down- 
stream pathways aid the cellular mechanisms that 
help regulate changes in gene expression after specific 
receptor ligand recognition at the cell surface (69). 

It has been shown that in cells of myeloid origin, 
the extracellular signal-related kinase (ERK 1/2) is 
activated during lipopolysaccharide stimulation (47, 
67, 139) but the exact mechanism is not clearly 
understood. Through a TEY motif, the kinase 
domains of ERK 1/2 become activated via phosphor- 
ylation (67). This is thought to occur in a Raf-1 
dependent manner (183) and inhibition of the lipo- 
polysaccharide induced TNF-a promoter has been 
shown for both Ras and c-Raf (60), supporting the 
importance of the Ras -> c-Raf (MAPKKK) -> Mek 1/ 
2 (MAPKK) — ERK 1/2 (MAPK) pathway in the 
expression of TNF-a after lipopolysaccharide stimu- 
lation (67). However, lipopolysaccharide activation 



of the MEK-ERK 1/2 pathway independent of the 
c-Ras pathway has also been identified (30), indicating 
that a common feature of eukaryotic intracellular 
signaling is, perhaps, multiple activation pathways 
and/or multiple means of single pathway activation. 
The c-Jun N-terminal kinase pathway has been iden- 
tified as another significant member of the MAPK 
pathway family. In a manner similar to the ERK 1/2 
TEY motif, INK kinases have TPY motifs within their 
kinase domains and are activated upon phosphory- 
lation (67). This activation has been shown to occur 
during lipopolysaccharide stimulation of both mur- 
ine monocytes (RAW 264.7) and human monocyte 
(THP-1) cell lines (72). Upstream MAP kinases of 
the INK pathways include MEKK 1/4 (MAPKKK) 
and MKK 4/7 (MAPKK) and have also been shown 
to become activated in response to multiple inflam- 
matory stimuli (67). Inhibition of the INK pathway 
through specific c-Iun N-terminal kinase inhibitors 
not only interferes with inflammatory stimulus sig- 
nals but also has been shown to block transcription 
of specialized proteins, cellular apoptosis and meta- 
bolism in specific cells (77, 203). 

An additional pathway of the MAPK pathways con- 
sists of p38 MAP kinase. p38 has been described as a 38- 
kDa polypeptide that becomes phosphorylated in 
response to endotoxin treatment and osmotic shock 
(77) . Consistent with the previous MAPK pathways, the 
p38 pathway also contains TGY motifs in its kinase 
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domain (53, 67). Both the ERK and p38 pathways are 
considered activated when the cell is under environ- 
mental stress and/or inflammatory cytokines. These 
pathways have been shown to be very important in 
the inflammatory response and have been referred to 
as "stress-activated kinases" (125). Inhibition of the 
p38 pathway prior to lipopolysaccharide stimulation 
decreased IL-la, IL-lra and TNF-a production, also 
supporting the importance of this pathway in inflam- 
matory signaling (179). Upstream signaling molecules 
within this pathway that are involved in p38 activation 
include Cdc42, PAK and Racl, (10, 207, 236) and multi- 
ple MAPKKs involved include MKK3, MKK6 and MKK4 
(45, 67, 76, 180). 

Activation of the MAP kinase cascade(s) initiates 
activation of multiple downstream transcription fac- 
tors via phosphorylation. For example, one of the 
downstream targets of the MEK-ERK 1/2 pathway 
is the transcription factor Elk-1; if phosphorylated, 
the C -terminal domain induces a conformational 
change that results in an inducible complex includ- 
ing Elkl and SRF (67). In the JNK pathways, down- 
stream transcriptional factors include ATF-2, Elk-1 
and c-Jun (104), which have been discovered to be 
important transcription factors involved with encod- 
ing inflammatory mediators (67). One important role 
of the p38 pathway is in the translation of cytokine 
mRNA and cytokine production (129). Through the 
use of p38 inhibitors (i.e. SB203580), activation 
through the p38 pathway and expression of IL-1 
and TNF-a was reduced following lipopolysacchar- 
ide stimulation, confirming the role of protein phos- 
phorylation in the response of monocytes and 
macrophages to endotoxin (67, 129). Additional inhi- 
bition studies, such as transmigration studies in 
monocytes, have demonstrated two distinct signal- 
ing cascades, leading to ERK induced integrin activa- 
tion and p38 induced chemotaxis via MCP-1 (8). 

Upstream of the IKK-NF-kP pathway, MyD88, IL- 
1 receptor associated kinase and TRAF6 have been 
shown to play a role in lipopolysaccharide signaling 
in monocytes and macrophages (67, 131). In 
specific, MyD88 and TRAF6-deficient mice were 
either hyporesponsive or lacked the ability to 
respond to lipopolysaccharide stimulation (105, 
135). Through a TIR domain, (154, 155) the 
MyD88 adaptor protein interacts with a TIR domain 
on Toll or IL-1R. The other end of MyD88 interacts 
with the serine/threonine innate immunity kinase 
IL-1 receptor associated kinase, whch then initiates 
phosphorylation of an inhibitory protein IkP 
that holds the transcription factor, NF-kP in the 
cytosol (48, 94, 162). NF-kP translocates into the 



nucleus once IkP is phosphorylated after cellular 
stimulation and then activates genes involved with 
inflammatory cytokine production and immunity 
(94). 

Bacterial clearance 

Binding to receptor molecules does not necessarily 
lead to an inflammatory cytokine expression and, in 
fact, may more frequently lead to clearance of the bac- 
terial component. For example, recent reports indicate 
that lipopolysaccharide binding protein, best known 
for its ability to enhance CD14-dependent activation of 
host cells by lipopolysaccharide, promotes phagocyto- 
sis of E. coli by macrophages (112) and enhances the 
clearance of lipopolysaccharide from the blood (237). 
Similarly, bactericidal /permeability-increasing pro- 
tein, a structurally related protein that does not 
enhance the inflammatory response to lipopolysac- 
charide, has been shown to inhibit the ability of lipo- 
polysaccharide to activate neutrophils (87) and to 
promote phagocytosis of lipopolysaccharide by mono- 
nuclear cells (29). Soluble CD14 (sCD14) can act to 
neutralize lipopolysaccharide by effecting transfer to 
serum lipoproteins (229), which have been shown 
to effectively neutralize lipopolysaccharide in both 
in vitro and in vivo experimental systems (51). Uptake 
of lipopolysaccharide by monocytes is also known to 
involve CD 14 and whether the interaction leads to 
activation or neutralizing clearance may depend on 
the aggregation state of the lipopolysaccharide (57, 
217). Scavenger receptors are expressed by macro- 
phages, Kupffer cells and some endothelial cells (74, 
169). These receptors bind bacteria and bacterial pro- 
ducts such as lipopolysaccharide, lipoteichoic acid and 
CpGDNA, and promote their uptake and clearance (74, 
169). Mannose binding protein has been reported to 
bind mannose rich bacteria and opsonize them for 
clearance by phagocytes (121). There is also evidence 
that opsonization by natural anti-lipopolysaccharide 
antibodies can lead to enhanced clearance (182), pre- 
sumably by an Fc-mediated process (28). 

Immunoregulation within the 
innate immune system 

Although cells of the innate host defense recognize 
periodontal bacteria, there are differences in the way 
they recognize the bacteria and the type and degree 
of response that follows. Differences in the way the 
host cells use receptors to interact with a particular 
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bacterium explain in part the observed variation in 
the response to the organism or its components. For 
example, it is known that the response to some bac- 
teria is enhanced by the serum protein lipopolysac- 
charide binding protein (176, 208, 209). But while 
lipopolysaccharide binding protein is a strong 
enhancer of the response to lipopolysaccharide and 
other lipid containing products, it has a variable 
effect in terms of response within the same cells to 
bacterial components such as peptidoglycan, fim- 
briae or lipoteichoic acid (7, 49, 84). In addition, 
lipopolysaccharides with reduced amounts of lipid 
moieties cannot utilize lipopolysaccharide binding 
protein to transfer to CD14 (12). Binding to CD14, 
on the other hand, appears to depend significantly 
on the charge of the bacterial ligand (36). CD 14 is 
found both in serum and as a host cell membrane 
component present on the surface of some cell types 
such as monocytes and neutrophils but not other cell 
types such as endothelial cells (176, 208). The ability 
of a cell type to utilize membrane CD 14 versus serum 
CD14 may determine whether the cell can respond to 
particular bacterial products. Lipopolysaccharide 
from E. coli can activate IL-8 secretion from both 
mCD14 containing monocytes and endothelial cells 
in the presence of serum, indicating an ability to 
utilize either form of CD 14. Lipopolysaccharide from 
P. gingivalis, however, can stimulate secretion of IL-8 
from monocytes but not endothelial cells (2, 17, 36, 
161). The ability of P. gingivalis lipopolysaccharide to 
activate some cell types but not others may indicate 
that the host response to P. gingivalis lipopolysac- 
charide, in the gingival tissues, is disrupted due to the 
unbalanced response towards this unique lipopoly- 
saccharide. In addition, P. gingivalis lipopolysac- 
charide has been shown to inhibit the ability of 
other bacteria to activate CD14 negative cells (40), 
suggesting that this lipopolysaccharide may disrupt 
the normal host response to other bacteria present in 
periodontal tissue. 

Toll-like receptors are also known to discriminate 
between bacterial ligands. Although the vast majority 
of the work done on the specifics of toll-like receptor 
activation has been done in non-oral bacteria, espe- 
cially £. coli, there is a body of work which either has 
been done on periodontal pathogens (primarily 
P. gingivalis) or can be extrapolated to relevant 
organisms. Lipopolysaccharide from E. coli was the 
first bacterial component examined in the toll-like 
receptor activation system and it remains by far the 
best studied. Lipopolysaccharide was originally 
believed to activate cells through a toll-like receptor 
2 pathway but it was soon discovered that the main 



receptor complex for lipopolysaccharide includes 
toll-like receptor 4 (6, 46, 92, 145, 147). Initial studies 
in non-responder mice and cells transfected with 
toll-like receptor genes may have been affected by 
the presence of contaminating bacterial products in 
the lipopolysaccharide preparation. Binding and 
recognition of lipopolysaccharide by toll-like recep- 
tor 4 is at least somewhat species specific and the 
recognition of the exact lipopolysaccharide structure 
requires the presence of the molecule MD-2 (3, 219, 
220). Cells from humans, mice, or hamsters, differ- 
entially recognize partial structures from Lipopoly- 
saccharide such as Lipid IVA, and the difference is 
related to the species source of the toll-like receptor 
4/MD-2 present in the cells (3). Lipopolysaccharide 
isolated from the periodontal bacterium P. gingivalis 
was also shown to utilize toll-like receptor 2 and not 
toll-like receptor 4 (12, 140). This result is reasonable 
since P. gingivalis lipopolysaccharide has a different 
lipid structure than E. coli lipopolysaccharide and may 
utilize receptors differently, as has been observed for 
lipopolysaccharide partial structures. Consistent with 
this idea, many reports indicate that P. gingivalis lipo- 
polysaccharide induces different responses in cultured 
cells and in animal models. Some authors, however, 
have reported thatP. gingivalis lipopolysaccharide uti- 
lizes primarily toll-like receptor 4 (204). This discre- 
pancy may be due to the difference in cell and 
animal models employed or differences in contents 
of the lipopolysaccharide preparation with regards to 
heterogeneity or contamination. 

Although toll-like receptor 2 was originally 
believed to be the primary lipopolysaccharide recep- 
tor, it is now believed that toll-like receptor 2 is 
involved in the recognition of a variety of other com- 
ponents including lipoteichoic acid, lipoprotein, fim- 
briae, glycoprotein and phenol soluble modulin (25, 
56, 71, 103, 145, 200, 204, 231). Components from 
oral bacteria known to activate toll-like receptor 2 
are P. gingivalis fimbria, Treponema lipoprotein 
and glycolipid and glycoprotein from P. intermedia 
(7, 164, 200). Other components that likely activate 
via toll-like receptor 2, such as peptidoglycan and 
lipoteichoic acid, have not been examined. 

Toll-like receptors are known to be expressed in a 
number of tissues and by a variety of cell types 
including monocytes, endothelial cells, fibroblasts, 
osteoblasts and dendritic cells (6, 50, 70, 108, 223). 
Expression of a specific toll-like receptor depends 
on cell type; for example, endothelial cells express 
predominantly toll-like receptor 4, monocytes 
express both toll-like receptor 4 and toll-like recep- 
tor 2, while dendritic cells express toll-like receptor 
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Table 2. Differential 


expression within gingival innate immune cells 


Innate cell type 




Receptor/membrane molecule 


Author 


M o n ocy £e / M a c ro pha s 




Scavenger recep tor 
Colled in receptor 
TUU, TLR2, 1 LK4, TLR5 
Siglecs 

Integrins (LI-A-1, MAO 1} 
mCD14 


Pearson (168) 

Malhotra (138); Ilolmskov (89) 

Muzio el al. (I S3}; Muzio and Mantovani (154) 

Medzhitov and Janevvay (146) 

Yusuf-Makagiansar et al. (234) 

Muhvic et al. (152) 


Neutrophil 




Collectin receptor 
TLR1, TLR2, TLR4, TLR5 
Siglecs 

Integrins (LFA-1, MAC-1) 
mCD14 


Holmskov (89) 

Muzio et al. (153); Muzio and Mantovani (154) 
Medzhitov and Janeway (146) 
Yusuf-Makagiansar et al. (234) 
Power et al. (175) 


lib rob last 




Gol.lec.tin receptor 
TLR 2, TLR4 
ICAM-1 
mCI.)14 


Ilolmskov (89) 
Tabeta et aL (204) 
Hayashi et aL (79) 
Sugawara et aL (198) 


Endothelial 




Scavenger receptor 

Collectin receptor 

TLR4 

E-Selectin 

P-Selectin 

ICAMs 

mCD14 


Yeh et al. (232); Hofnagel et al. (88) 
Xiao et al. (230); Holmskov (89) 
Muzio and Mantovani (154) 
Pietrzak et al. (173) 
Krugluger et al. (120) 
Moughal et al. (151) 
Jersmann et al. (98) 


l.pithelial 




Beta defensins 2 
1LR2,TLR4 


Krisanaprakornkit et al. ( 1 19) 
Wolfs el al. (228); llornel et aL (90) 


Dendritic cells 




TLR1, TLR2, TLR4, TLR5 

TLR3 

Siglecs 


Muzio et al. (153) 

Muzio and Mantovani (154) 

Medzhitov and Janeway (146) 


TLR, toll-like receptor. ICAM-1, intracellular adhesion molecule 1. 



3 (6, 50, 70, 145, 200) (Table 2). Toll-like receptor 
expression may be constitutive or can be modu- 
lated by exposure to bacterial or other factors. Cells 
of the gingival tissue have been shown to express 
toll-like receptor and in some instances the 
expression is modulated by bacterial factors. Gingi- 
val epithelial cells have been shown to express both 
toll-like receptor 2 and toll-like receptor 4 (7, 52). 
Both toll-like receptor 2 and toll-like receptor 4 
were shown to be upregulated by exposure to live 
A actinomycetemcomitans but not by heat-killed 
bacteria (52). Gingival epithelial cells responded 
to a variety of bacterial products including lipo- 
polysaccharide, lipoteichoic acid, peptidoglycan and 
whole bacteria, suggesting that multiple Toll recep- 
tors might be present and functional (7, 52, 62). 
This capability to respond to varied ligands might 
indicate that epithelial cells, which form the pri- 
mary physical barrier to microbial challenge, are 
broadly responsive to bacteria on the epithelial 
surface. Wang et al. (223) showed that gingival 
fibroblasts express toll-like receptor 4 and that 
toll-like receptor 4 expression is downregulated in 



response to purified lipopolysaccharide from 
P. gingivalis. It would be interesting to speculate 
about the role downregulation might play in mod- 
ulating the host response to P. gingivalis during 
infection, but it has conversely been reported that 
P. gingivalis lipopolysaccharide causes an increase 
in expression of both toll-like receptor 2 and toll- 
like receptor 4 (Table 2). 

Defects within the innate immune 
system alter susceptibility to and 
severity of periodontitis 

Altered susceptibility 

A functional innate immune system is essential for 
protection against bacterial exposure within the 
environment of the host. Mice lacking the adhesion 
molecules E-selectin and P-selectin have been 
generated and shown to be defective in neutrophil 
emigration and have increased susceptibility to 
infection (27). Deletion of P-selectin has also been 
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shown to promote alveolar bone loss in a mouse 
model of P. gingivalis induced periodontal destruc- 
tion, demonstrating the importance of adhesion 
molecules in the host response to oral pathogens 
(14). In the same model, defects in T and B lympho- 
cytes were also shown to affect bone loss (13, 15), 
indicating that susceptibility to bacterially induced 
bone loss is complex and multifactorial. Macro- 
phages from CD 14 null mice were able to respond 
to E. coli by activation of NFk-B and c-Jun signaling 
pathways and production of IL-6 and TNF-a. There 
was no response, however, to E. coli lipopolysacchar- 
ide, indicating that other receptors may compensate 
for lack of CD14 in the response to whole bacteria 
(148). Examinations of mice deficient in the adapter 
molecule MyD88 indicate that although the response 
to many bacterial products is mediated through 
MyD88 (205), pathways independent of MyD88 also 
exist (106). One recent study in mice is suggestive of 
toll-like receptor involvement in periodontitis. Using 
a mouse model of bacterially induced periapical 
bone destruction, Hou et al. (92) examined the ability 
of various oral bacteria to induce bone destruction in 
normal or toll-like receptor 4-deficient mice. It was 
found that when the mice were challenged with a 
mixed infection of putative periodontal pathogens, 
observed bone loss was significantly less in two 
strains of toll-like receptor 4 deficient mice than in 
wild-type controls. Further, this decrease was cor- 
related with reduced expression of the bone res- 
orptive cytokines IL-la and IL-1(3 as well as the 
proinflammatory cytokine IL-12. Other inflammatory 
mediators (TNF-a, interferon-7, IL-10) were not 
affected. In this model, at least, it appears that 
toll-like receptor 4 is involved in the inflammation 
and destruction of periodontal bone in response to 
an infection of relevant bacteria. The study does 
seem, however, to indicate a role for toll-like receptor 
involvement in bone loss observed during active 
inflammation. In the future, it may be found useful 
to screen for toll-like receptor polymorphisms as a 
risk factor for periodontitis, as has been proposed for 
other hereditary determinants such as IL-1 gene het- 
erogeneity. 

Immunosuppression and systemic 
disease 

One of the most dramatic changes in innate immune 
system function occurs in patients undergoing 
immunosuppressive therapy. Significant reduction 
in the number of circulating neutrophils during mye- 
losuppressive therapy can severely compromise the 



host by dramatically increasing susceptibility to oral 
infection (38). Congenital diseases associated with an 
increase in periodontitis severity, such as leukocyte 
adhesion deficiency, Chediak-Higashi syndrome, 
Papillon-Lefevre syndrome and chronic /cyclic neu- 
tropenia involve numerous leukocyte defects invol- 
ving: regulation of the number of circulating 
neutrophils, defects within the neutrophil itself 
and/or on the surface of neutrophils, or through 
molecular events controlling neutrophil diapedesis 
and chemotaxis (5, 20, 38, 73, 102, 222) (Fig. IB). 
Alteration in the physiologic properties of the gingi- 
val vasculature could also contribute to reduced 
numbers or impediment of the circulating neutro- 
phils, which, in turn, could alter host responses to 
bacterial challenge. This type of vascular change 
within the gingival tissues has been reported in both 
diabetic and smoking patients (21, 54, 235). Manifes- 
tation of systemic disease with or without increased 
susceptibility to periodontal infection is multifactor- 
ial and it is often difficult to directly identify the 
pathogenic etiology of a specific disease. However, 
it is clear that the disruption of an intact innate 
immune system is detrimental to the health of the 
host in either a localized or a systemic manner 
(Table 3). 

Genetic polymorphisms 

Some genetic deficits are less readily identifiable due 
to lack of severity or serious systemic effects. These 
may take the form of polymorphisms in genes coding 
for host defense molecules. Perhaps the best-known 
gene polymorphism that has been implicated in 
susceptibility to periodontitis is IL-1 (35, 116, 167, 
194). The IL-1 genotype has been associated with 
periodontal health in early onset periodontitis 
(167), periodontal maintenance populations (127) 
and adult periodontitis (35, 116). It has also been 
reported to affect the bacterial composition of plaque 
from periodontitis patients (194). Polymorphisms in 
TNF-a and IL-10 have also been examined (34, 
109, 190) but no link was observed for the tested 
variants. 

Receptors for bacterial components would seem 
to be a likely class of host molecules that might 
influence susceptibility to a bacterially induced dis- 
ease such as periodontitis. Gene variants do in 
some cases affect the host's ability to respond to 
bacterial challenge. For example, a polymorphic 
variant of lipopolysaccharide binding protein has 
been shown to be associated with an increased risk 
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Table 3. Induced or congenital deficiencies 

Condition Phenotype Periodontitis Significant shift in 

periodontopathogenic 
microbiota 



Immunosuppressive 
therapy 


Significant neutropenia and 
loss of mucosal, barrier 


Acute, generalized 
and severe 


Yes, commensal bacteria 
are found 


Leukocyte adhesion 
deficiency 


Loss of all leukocyte movement 
from vascular compartment 
to tissue, molecularly 
defined as failure to express 
integrin adhesions or selectin 
receptor 


Acute, generalized 
and severe 


Yes, commensal bacteria 
are found 


Chediak-lligashi 
Syndrome 


Non- functioning granulocytes 
due (o defective lysosomal 
trafficking regulator gene 


Acute, generalized 
and severe 


Unknown 


Chronic neutropenia 


Significantly decreased levels 
of neutrophils brought about 
by unknown congenital disorder 


Variable, acute and 
chronic types, 
generalized and severe 


Questionable, appears 
to have same 
periodontopathogens 
associated with adult 
type disease 


Papillon-Lefevre 
Syndrome 


Hyperkeratosis of palms and 
soles, probable delect in 
neutrophil chemotaxis, defect 
localized to chromosome 1 Iq 14, 
unknown gene function 


Variable, acute and 
chronic types, 
generalized and severe 


Q ties t i o n a b 1 e, a p pea rs 
to have same 
p eri odo n topa thogen s 
associated with adult 
type disease 


Diabetes 


Numerous complications 
associated with advanced 
glycated end-products (AGE) 


Increased incidence 

and severity in 

non- controlled patients 


No, appears to 
contain similar 
periodontopathogenic 



species found in 

non- diabetic individuals 



Cigarette smoking Not clear, may have 

decreased vascular 
response in periodontium 

Human Impaired cell mediated 

Immunodeficiency immunity 
Virus 

Adapted from Darveau (39). 



for incidence and lethality of sepsis in male patients 
(93). 

The importance of CD14 in host defense suggests 
that genetic variation in this receptor may have sig- 
nificant consequences for susceptibility to infectious 
diseases. Several polymorphisms in the CD14 gene 
have been identified (16, 93, 97, 113, 130, 215, 218). 
CD 14 polymorphisms have been found to affect not 
only serum levels of sCD14 but also IgE (16, 218). 
This raises the possibility that these genetic variants 
may affect not only innate immunity but adaptive 
immunity as well. Although the presence of CD 14 
variant alleles has been linked to disorders that 
may have an infectious etiology, there are no 
reports examining the relationship to periodontitis 
(97, 215). Levels of CD 14 present in gingival crevicu- 
lar fluid have been associated with severity of disease 



Increase incidence No 
and severity 



Unusual forms which Yes, Candidia and Borrelia 

can be acute, severe, can be found 

and generalized 



(99), although a genetic involvement was not 
assessed. 

Polymorphisms in both toll-like receptor 4 and 
toll-like receptor 2 have been identified in the human 
genome (103, 136, 181, 192). Some workers have 
attempted to find a link between these variants and 
a predisposition toward a number of disorders asso- 
ciated with bacterial infection. Although one would 
not expect to see the obvious impairment of host 
defense to infections as seen in toll-like receptor- 
deficient mice, it may be that altered toll-like recep- 
tor proteins may have mildly decreased functionality 
or exhibit dysfunctionality to a subset of microorgan- 
isms relevant to a particular disease. Kang & Chae 
(103) found an association of the presence of a single 
base substitution in toll-like receptor 2 with lepro- 
matous leprosy but not tuberculoid leprosy, indicat- 
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ing a role for toll-like receptor 2 in susceptibility to 
lepromatous leprosy. Another group (136) found an 
association between a polymorphism in toll-like 
receptor 2 and susceptibility to staphylococcal infec- 
tions in sepsis patients. However, no association of a 
specific toll-like receptor 4 polymorphism with 
meningococcal disease was seen (181). Based on 
these early results, it seems that variants of toll-like 
receptor genes may or may not affect the health of 
the individual possessing the allele. In the future, 
studies with large sample sizes will be required to 
reveal or clarify the existence of a possible link or 
association between polymorphisms within the toll- 
like receptors and specific disease states. 

Conclusions 

A critical goal of the host is to develop a dynamic 
state of health in which a continued bacterial chal- 
lenge is countered with an appropriate innate host 
response that leads to bacterial clearance. Clearance 
of bacteria can occur due to the specificity within the 
innate immune system that results from the consen- 
sus of the variety of receptors and their specific 
ligands. Some of these innate receptor-ligand com- 
plexes are involved in bacterial presentation; some 
are involved in host cell activation. Although the 
innate response is inherently rapid, multiple host 
proteins are required and are exquisitely involved 
with these interactions with microbial components, 
each host protein-ligand complex possessing differ- 
ent specificities. Elucidation of these interactions is 
further complicated by variation in the in vivo 
expression with time, environmental stresses, osmo- 
tic and fluid changes that are difficult to duplicate or 
recreate in vitro. 

Bacterial clearance can also occur without further 
activation of host response(s) or can activate specific 
adaptive immune responses that are also designed to 
"re- establish" health. In addition, although not for- 
mally examined, the more severe the deficiency in 
neutrophil chemotaxis, migration, accumulation or 
phagocytosis (seen in congenital diseases), the less 
the need or requirement for a pathogenic bacteria to 
initiate or alter the severity of disease. In contrast, in 
a healthy periodontium and host, specific pathogenic 
bacteria (in an attempt to evade and survive within 
the host) seem to possess the ability to induce spe- 
cific innate defects that render the host susceptible to 
disease. For example, neither P. gingivalis lipopoly- 
saccharide, whole cells nor isolated cell walls were 
able to facilitate E-selectin expression in human 



endothelial cells, suggesting that P. gingivalis is a 
natural antagonist of E-selectin expression (39). This 
disrupts one of the first committed steps in the dia- 
pedesis and extravasation of leukocytes from the 
vasculature compartment into the surrounding tis- 
sue. In addition, P. gingivalis lipopolysaccharide was 
also found to inhibit the expression of E-selectin and 
neutrophil adhesion in response to other bacteria. 
Furthermore, P. gingivalis has been shown to disrupt 
the ability of gingival epithelial cells to secrete IL-8 in 
response to other bacteria (40). We hypothesize that 
these factors, coupled with genetic polymorphisms, 
could act separately or synergistically, creating a dys- 
functional host inflammatory response that disables 
the protective mechanisms of the host, causing sus- 
ceptibility to a variety of chronic periodontal condi- 
tions (Fig. 1C). 
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Immunoregulatory control of 
Thl/Th2 cytokine profiles in 
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Over the past decade, numerous studies have 
attempted to delineate the Thl/Th2 cytokine profile 
in chronic periodontitis in humans. While some con- 
troversy still exists regarding these profiles, the fact 
that the stable periodontal lesion is identical to a 
delayed type hypersensitivity reaction while the pro- 
gressive lesion involves large numbers of B cells and 
plasma cells, strongly suggests that the stable lesion 
is mediated by Thl cells and the progressive lesion by 
Th2 cells. The control of Thl and/or Th2 expression 
is therefore fundamental in understanding the 
immunoregulatory mechanisms in chronic period- 
ontitis. In this context, high affinity T cell receptor 
(TCR) interactions seem to direct a Thl response 
while low affinity TCR involvement tends towards a 
Th2 response. As yet however, TCR affinity in chronic 
periodontitis has not been investigated. Other 
mechanisms which may control Thl/Th2 profiles 
include the nature of the antigen(s), antigen presen- 
tation and the innate immune response. The role of 
these mechanisms in periodontal disease is reviewed 
and suggestions for future research are put forward. 

Introduction 

Chronic inflammatory periodontal disease results 
from the inflammatory response to bacteria in dental 
plaque and may either remain confined to the gingi- 
val tissues, or progress leading to attachment loss 
endangering the life of the dentition (Fig. 1). Disease 
progression is due to a combination of factors 
including the presence of periodontopathic bacteria, 
high levels of proinflammatory cytokines, matrix 
metalloproteinases and prostaglandin E 2 (PGE 2 ) 
and low levels of inflammation inhibitory cytokines 
including interleukin (IL)-IO, transforming growth 



factor (TGF)-(B and tissue inhibitors of metalloprotei- 
nase (141). In some individuals, neutrophils and cell 
mediated immunity may limit the extent of attach- 
ment loss. However, in susceptible people as deter- 
mined by genetic and environmental factors, the 
presence of defined periodontopathic bacteria such 
as Porphyromonas gingivalis, Actinobacillus actino- 
mycetemcomitans or Tannerella forsythia may limit 
clearance by neutrophils and disease progression 
may occur. The adaptive immune response is under 
the control of T cells which regulate B cell/plasma 
cell differentiation and antibody production. Clear- 
ance of bacteria by neutrophils may depend upon 
the presence of interferon (IFN)-7 and may be 
further enhanced by protective antibodies which in 
turn are controlled by the types of cytokines pro- 
duced by T cells (reviewed in 141). 

T cells and cytokines in periodontal 
disease 

The development and regulation of an immune 
response depends to a large extent on the local pro- 
duction of a number of cytokines which can deter- 
mine whether the response will be a protective or 
non -protective one. The immune response to infec- 
tion is regulated by the balance between T helper 
(Th)l and Th2 cytokines. The net effect of the Thl 
cytokines IL-2 and IFN-7 is to enhance cell mediated 
responses, while that of the Th2 cytokine IL-4 is to 
suppress cell mediated responses and hence 
enhance the resistance associated with humoral 
immunity (130). 

It is evident that both T and B cells are present 
in periodontal disease tissues (212), the majority 
of T cells being activated memory/primed cells 
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Fig. 1. (A) Inflammation confined to 
the gingival tissues with minimal tis- 
sue destruction. (B) Extreme period- 
ontal destruction with loss of 
attachment and alveolar bone. 



(61, 138, 206). Both T and B cells extracted from 
gingival tissues have been reported to be at a more 
advanced stage of the cell cycle than peripheral 
blood T and B cells, indicative of activation within 
the tissues (57) or the selective extravasation of acti- 
vated cells. The infiltrate in the periodontal lesion 
consists of lymphocytes and macrophages and it 
has been hypothesized that T lymphocytes predomi- 
nate in the stable lesion, while the proportion of B 
cells and plasma cells is increased in the progressive 
lesion (107, 116, 155, 172-174) (Fig. 2). This has 
prompted the suggestion that T cells with a Thl 
cytokine profile may be the major mediator in the 



early/stable lesion. The production of IFN-7 would 
enhance the phagocytic activity of both neutrophils 
and macrophages and hence containment of the 
infection. However, the lesion persists due to the con- 
tinual formation of the plaque biofilm (59). The 
dominance of B cells/plasma cells in the advanced/ 
progressive lesion would suggest a role for Th2 cells. 
If the innate response is poor, low levels of IL-12 
would be produced and a poor Thl response may 
occur, which may not then contain the infection. 
Mast cell stimulation and the subsequent production 
of IL-4 would encourage a Th2 response, B-cell acti- 
vation and antibody production. If these antibodies 
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Fig. 2. (A) Perivascular lymphocytic/ macrophage infiltrate 
in a gingivitis lesion. 
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(B) Plasma cells in an advanced periodontitis lesion. 
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Fig. 3. Model for Thl/Th2 regulation in the stable and 
progressive lesion. 

are protective and clear the infection, the disease will 
not progress but if on the other hand they are non- 
protective, the lesion will persist and continued B- 
cell activation would result in large amounts of IL-1 
and hence tissue destruction (59, 63, 175) (Fig. 3). 

A number of studies have attempted to delineate 
the Thl/Th2 profile in periodontal disease. 
Decreased Thl cytokines in the gingival crevicular 
fluid (146) and gingival mononuclear cells (49) of 
periodontitis sites, peripheral blood mononuclear 
cells from periodontitis patients stimulated with 
mitogens (178), P. gingivalis and Fusobacterium 
nucleatum (59) have been demonstrated. Increased 
Th2 responses in periodontitis have been reported in 
studies on peripheral blood (4, 14, 207), gingival tis- 
sues (105, 192, 208), extracted gingival mononuclear 
cells (122) and gingival crevicular fluid (156). These 
studies support the hypothesis that Thl cells are 
associated with the stable lesion and a Th2 response 
with disease progression. However, other studies 
have reported results consistent with the predomi- 
nance of Thl -type cells or reduced Th2 responses in 
diseased tissues (43, 163, 187). 

Most recent studies have suggested the involve- 
ment of both Thl and Th2 cells in periodontal dis- 
ease. mRNA for both Thl and Th2 cytokines has been 
demonstrated in studies of cells extracted from per- 
iodontal lesions (50, 150). A role for IL-10 was sug- 
gested by another study which demonstrated two 



distinct profiles of cytokine expression in CD4 + gin- 
gival lymphocytes isolated from inflamed periodon- 
tal tissues: in both, IFN-7, IL-6 and IL-13 mRNA were 
present, but in only one was IL-10 mRNA present. In 
most cases, IL-2, IL-4 and IL-5 mRNA were not 
detected (205). IL-10 has been demonstrated to inhi- 
bit lipopolysaccharide-induced B-cell proliferation in 
the mouse (123) such that decreased IL-10 in period- 
ontitis may possibly allow continued polyclonal 
B-cell activation. Reports of comparisons between 
gingival tissues and peripheral blood of periodontitis 
(209) and P. gingivalis- stimulated peripheral blood 
mononuclear cells from periodontitis and gingivitis 
patients (133) also demonstrated a role for both Th 
subsets. In the last study, there was no correlation 
with disease status or the presence of P. gingivalis in 
the plaque. Reports on P. gingivalis-specific T-cell 
lines and clones have also demonstrated conflicting 
results (62, 64, 91, 198); in addition, Wassenaar et al. 
(199) showed functional differences in CD8 + T-cell 
clones. Those that produced high levels of IFN-7 but 
no IL-4 or IL-5 (Thl) mediated cytolytic activity. 
Other CD8 clones produced high levels of IL-4 
together with IL-5 and displayed no cytotoxicity 
but could suppress the proliferative response of cyto- 
toxic CD8 T-cell clones. It was concluded that CD8 + 
T cells may participate in the local response by sup- 
pressing IFN-7 producing cells and favoring humoral 
immune responses. 

The results of all these studies are difficult to inter- 
pret due to differences in the material examined, the 
methodologies used, the use of different sources of 
cells including cells extracted from gingival tissues, 
peripheral blood mononuclear cells, T-cell lines and 
clones and the in vitro use of various components of 
different bacterial strains (212). However, it is likely 
that different T-cell subsets predominate at different 
phases of disease and the inability to determine dis- 
ease activity clinically is a major limitation in all 
these studies. 



Chemokines in periodontal disease 

The regulation of leukocyte migration into and 
through the tissues is determined by the expression 
of adhesion molecules on endothelial cells and other 
cells such as keratinocytes, which are induced by 
pro-inflammatory cytokines as well as to a group of 
cytokines with chemotactic properties, the chemo- 
kines. Chemokines are responsible for the recruit- 
ment and subsequent activation of particular 
leukocytes into inflamed tissues (9) and therefore 
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Fig. 4. Chemokine expression in periodontitis tissues 
compiled from Gemmell et al. (67). 



play a central role in the final outcome of the 
immune response by determining which subsets of 
leukocytes form the inflammatory infiltrate. Thl and 
Th2 cells differ in their migratory properties and 
chemotactic responsiveness so that chemokines 
may regulate local immune reactions by influencing 
the local balance of T-cell subsets (179). 

Recently, MCP-1 (monocyte chemoattractant pro- 
tein- 1) production by monocytes has been shown to 
be regulated by IL-10 (196). Decreased numbers of 
IL-10 + T cells extracted from adult periodontitis 
lesions compared with cells extracted from gingivitis 
tissues have been demonstrated (60). Furthermore, 
the percentages of MCP-1 + T cells, B cells and mono- 
cytes in P. gingivalis-specific T-cell lines have been 
reported to be reduced compared with other chemo- 
kine positive cells (65), and in an immunohistological 
study, very few MCP-1 + cells were demonstrated in 
inflamed gingival tissues (67) (Fig. 4). In contrast, Yu 
et al. (211) reported the expression of MCP-1 on 
endothelial cells as well as monocytes/macrophages 



in inflamed gingival tissues correlated with the 
degree of inflammation. However, an animal model 
study showed MCP-1 was reduced or absent in mice 
4 h after receiving intramuscular injections of P. gin- 
givalis lipopolysaccharide (154). Overall, these 
results suggest that reduced IL-10 in periodontitis 
could result in reduced MCP-1 and cell-mediated 
responses. 

MCP-1 has been suggested to contribute more to 
type 2 than to type 1 cytokine-mediated inflamma- 
tion (29, 76, 114). However, another chemokine, 
MlP-la (macrophage inflammatory protein- la) has 
been reported both to shift the immune response to a 
Th2-type response (97) and to recruit Thl cells (179). 
Immunohistochemistry has shown higher numbers 
of MlP-la positive leukocytes in periodontal disease 
tissues (67) (Fig. 5). Micro chemo taxis experiments 
have shown MIP-la to be a potent chemoattractant 
for B cells and cytotoxic T cells, although at higher 
concentrations the migration of CD4 cells was 
enhanced (168). Both MIP-la (42, 106) and MCP-1 
(88) have been shown to be involved in the recruit- 
ment of neutrophils. Gingival keratinocyte expres- 
sion of MIP-la has been demonstrated to be 
increased in comparison with IP- 10 (IFN-7 inducible 
protein 10), RANTES (Regulated on Activation Nor- 
mal T cell Expressed and Secreted) or MCP-1 and 
while the expression of the latter 3 chemokines 
decreased with increasing inflammation, that of 
MIP-la did not (67). This suggests a role for MIP- 
la in the recruitment of leukocytes through the 
epithelium at early as well as later stages of 




Fig. 5. MIP-la expression in chronic periodontitis tissue. 
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inflammation (67). In contrast, Tonetti et al. (193) 
demonstrated mRNA for MCP-1 in tissue biopsies 
taken from clinically healthy sites, sites undergoing 
a 21 -day experimental plaque accumulation and from 
untreated and treated periodontitis sites. MCP-1 
mRNA was detected in the oral epithelium particu- 
larly the basal layer, as well as in the inflammatory 
infiltrate in periodontal disease tissues. It was noted 
that while MCP-1 expression related to mononuclear 
phagocytic infiltration in the connective tissues and 
oral epithelium, macrophages were consistently pre- 
sent in the junctional epithelium in the absence of 
MCP-1 message indicating the presence of other med- 
iators responsible for the infiltration of these cells. 

The role played by RANTES in the migration of T- 
cell subsets and Thl/Th2 cells is controversial. 
RANTES was recently detected in the gingival crevi- 
cular fluid of patients with periodontitis but not sub- 
jects with clinically healthy gingiva and the 
concentration was significantly higher in samples 
from active sites than in those from inactive sites 
(54). Furthermore, RANTES levels decreased after 
periodontal therapy suggesting a relationship 
between this chemokine and periodontal disease sta- 
tus (53). IP- 10 on the other hand is specific for acti- 
vated T cells. It was shown to target Thl cells 
selectively resulting in the upregulation of IFN-7 
rather than IL-4 peripheral blood producing T cells 
(45, 55). However, an immunohistological study 
reported no differences in IP- 10 or RANTES in the 
gingival tissues suggesting no predominant T-cell 
subset recruitment by these chemokines in gingivitis 
or periodontitis (67). 

Taubman and Kawai (189) have recently demon- 
strated that Thl -type T cells which preferentially 
express CCR5 and CXCR3 are found predominantly 
in diseased gingival tissues whereas little CCR5 
expressed by Th2 cells could be found. It was also 
shown that the chemokine ligands RANTES and MIP- 
lot (CCR5) and IP- 10 (CXCR3) were elevated in 
inflamed periodontal tissues. These authors cite 
these results as supporting evidence for Thl involve- 
ment in periodontal bone resorption. However, other 
factors which modulate T-cell cytokine profiles must 
be monitored to determine the nature of Thl/Th2 
responses in periodontal disease. 

B cells and antibody regulation in 
periodontal disease 

B cells and plasma cells produce and secrete immu- 
noglobulins which protect the host by various 



methods including prevention of bacterial adherence, 
inactivation of bacterial toxins and by acting as opso- 
nins for phagocytosis by neutrophils. Antibodies can 
downregulate or up-regulate the immune response. 
If the result of B cell differentiation is protective 
antibody production, elimination of the causative 
organism would ensue and periodontal disease pro- 
gression would stop. Production of non-protective 
antibodies in susceptible subjects, could on the other 
hand result in continual connective tissue break- 
down. Periods of destruction would precede periods 
of stability and the disease may have a cyclical 
pattern with not all B cell lesions being destructive 
(59, 175). 

The inability of specific antibodies to eliminate the 
causative organisms of periodontal disease could be 
due to a number of factors including poor anti- 
genicity of virulence determinants and elicitation of 
antibodies with poor anti-bacterial properties (180). 
The production of anti-P. gingivalis antibodies with 
different avidities in various forms of periodontal 
disease have been suggested to reflect the quality 
of the humoral response which may affect progres- 
sion of the disease (131). Non-protective low avidity 
anti-P. gingivalis antibodies may be incapable of 
effectively mediating a variety of immune responses 
(110, 201). A recent study in children by Morinushi 
et al. (132) showed that serum anti-P. gingivalis but 
not anti-A actinomycetemcomitans antibodies were 
inversely correlated with gingival inflammation, sug- 
gesting an inhibition of P. gingivalis antibodies. 
Since these responses are regulated by immunoregu- 
latory genes, it may be that antibody responses are 
protective in one individual but not in another (136). 

During the chronic phase of the disease, the anti- 
body response has been suggested to be generally 
protective, facilitating bacterial clearance and arrest- 
ing disease progression (136). Anti-P. gingivalis pro- 
tease antibodies which occur late in periodontitis 
infections have been demonstrated to block the 
anti- opsonizing activity against C3 and IgG (35). 
An increased capacity of serum to opsonize P. gingi- 
valis has been shown to be a distinctive feature in 
patients with a past history of destructive periodontal 
disease (204). Opsonic IgG antibodies to A actino- 
mycetemcomitans which may facilitate neutrophil- 
mediated phagocytosis and be protective against 
this periodontopathic organism have also been 
demonstrated (10, 195). Repeated infection with 
A actinomycetemcomitans has also been shown to 
elicit an anti-leukotoxin antibody that protects 
neutrophils from the leukocidal activity of the leuko- 
toxin (195). 
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Early studies indicated that polyclonal B-cell acti- 
vation was significant in the pathogenesis of period- 
ontal disease. Recently, Champaiboon et al. (25) 
showed that sonicated extracts of P. gingivalis stimu- 
lated peripheral blood B cells to proliferate, but not T 
cells. The results of all these studies suggest that if 
specific antibodies with high avidity and of protective 
IgG subclasses to immunodominant antigens are 
formed, the infection may be cleared and the disease 
will not progress. If, however, polyclonal B-cell acti- 
vation is induced by periodontopathic organisms 
and non-specific and/or low avidity specific antibo- 
dies are produced, the infection may not be cleared. 
Continued B-cell activation may lead to the produc- 
tion of high levels of IL-1, resulting in tissue destruc- 
tion. This is consistent with the observations that B 
cells are a potent source of IL-1 (60), that macro- 
phages are not a dominant feature of the advanced 
lesion (26) and that suppressed cell-mediated 
immunity is associated with advanced periodontitis 
(18, 86, 175). 

The B-cell response requires T-cell help in the 
form of cell-cell contact as well as cytokines, which 
are responsible for the expansion and differentiation 
of B cells into plasma cells and in class switching 
(137). T cells are necessary for both specific antibody 
production and polyclonal B-cell activation (160) and 
as they are the dominant cell type in the cell- 
mediated (macrophage /lymphocyte) response, T- 
cell determination of the resulting antibody response 
must play a fundamental role in the pathogenesis of 
periodontal disease. 

T-cell receptor affinity 

Differentiation of Thl and Th2 T-cell subsets is 
determined during priming and is influenced by a 
number of factors, including the cytokine environ- 
ment, the antigen itself, antigen dose, the route of 
administration, the nature of the antigen presenting 
cell and costimulatory molecules. Recent studies 
have shown that the affinity of the major histocom- 
patibility complex/peptide/T-cell receptor interac- 
tion determines the differentiation of CD4 + cells 
into either Thl or Th2 cells (20). In the presence of 
IL-1 2, a short T-cell receptor stimulation has been 
shown to induce Thl polarization, IL-1 2 exerting its 
effect during and after T-cell receptor signaling. Th2 
polarization, on the other hand, was found to require 
prolonged T-cell receptor signaling and IL-4 was 
effective only when present during T-cell receptor 
triggering (84). These authors concluded that the 



duration of T-cell receptor stimulation was crucial 
in influencing Thl/Th2 polarization. Furthermore, 
Busch & Palmer (23) showed that in vivo expansion 
of T cells after bacterial infection is accompanied by 
an increase in the T-cell affinity for antigen. T cells 
which have undergone a number of rounds of in vivo 
expansion have been demonstrated to express a nar- 
rower range of T-cell receptors and to bind major 
histocompatibility complex/ peptide complexes with 
greater affinity. The strength of the T-cell receptor 
signal has also been found to determine the involve- 
ment of CD28 costimulation in CD4 T-cell differen- 
tiation. In this study, IL-4-producing Th2 cells were 
generated after priming with a weak T-cell receptor 
signal but not with a strong signal, and this was 
dependent on CD28/B7 interactions (188). It was 
concluded that a more sustained engagement of 
the T-cell receptor by peptide/major histocompat- 
ibility complex polarizes T-cell receptor transgenic 
splenocytes to a Th2 profile. Evidence of a correlation 
between T-cell receptor affinity and cytokine profiles 
has been put forward in a study using a Leishmania 
major mouse model. T cells from susceptible and 
resistant mice expressed low- and high-affinity T-cell 
receptor, respectively, the T cells from resistant mice 
producing more IFN-7 and less IL-4 than those from 
susceptible mice. This suggests an association 
between high affinity T-cell receptor and Thl cells 
(120). 

The impact of T-cell receptor selection and struc- 
ture has been studied in Thl and Th2 lines and 
clones with fixed peptide specificity and class II 
restriction (20). The Th2 clones tended to use longer 
T-cell receptor complementarity- determining region 
(CDR)3a loops than their Thl counterparts. Molecu- 
lar modeling of Thl- and Th2-derived T-cell recep- 
tors showed that Th2 CD3a comprised larger side 
chain residues than Thl T-cell receptors. It was pro- 
posed that under Th2 polarizing conditions, there 
was a trend for CD4 + T cells to have elongated T-cell 
receptor CD3a loops, which are predicted to alter T- 
cell receptor binding and reduce contact at other 
interfaces, possibly impeding T-cell receptor trigger- 
ing. Boyton et al. (20) concluded that either the elon- 
gated receptor was lost during selective expansion of 
Thl cells or that selection of the Th2 line was com- 
patible with expansion of cells bearing either type of 
receptor, with the elongated form as the preferred 
receptor. 

Boyton & Altmann (19) have proposed that differ- 
ential selection from the available pool of specific 
T-cell receptors occurs during Thl or Th2 develop- 
ment. They also suggest that programming to select 
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for cells to become either Thl or Th2 T cells may 
come from local factors such as the cytokine or che- 
mokine milieu. They also state that while many fac- 
tors determine the polarization of T cells, any one 
factor can override the changes initiated by any other 
factor. Therefore, while antigen dose or the type of 
antigen presenting cell is important, exogenous cyto- 
kines can polarize the resultant response (19). 

Regulatory T cells 

While Thl and Th2 subpopulations of T cells deter- 
mine the response to infection based on the cytokine 
pattern induced, distinct so-called regulatory T cells 
with immunosuppressive function and different 
cytokine profiles have been described that may pre- 
vent infection-induced immunopathology or prevent 
pathogen elimination by suppressing protective Thl 
responses (128). Three distinct regulatory T cell (Tr) 
subsets have been described. Trl CD4 cells secrete 
high levels of IL-10 and low to moderate levels of 
transforming growth factor (TGF)-p and have been 
shown to prevent the development of Thl -mediated 
autoimmune diseases and suppress immune 
responses to pathogens, tumours and alloantigens 
(75). The suppressive effects of Trl clones are 
reversed by IL-10 neutralization, suggesting that, 
regardless of T-cell antigen-specificity, Trl suppres- 
sion is a bystander effect mediated by IL-10 (127). 
Thl and Th2 cells reciprocally regulate the other 
subpopulation by the secretion of IFN-7 and IL-4 
and also possibly by IL-10 via a negative feedback 
loop. Trl cells which secrete high levels of IL-10 can 
suppress Thl responses to an infectious pathogen 
(127). Certain Trl cells have also been reported to 
suppress Th2 responses (34). 

The second subset of regulatory T cells are Th3 
CD4 cells, which primarily secrete TGF-p (51). As this 
cytokine is secreted by many cell types, Th3 cells may 
have a major role in immune regulation (128). TGF-p 
is an important anti-inflammatory agent and IL-1 
inhibitor (145). It has been reported that, on extrac- 
tion, no TGF-p + gingival mononuclear cells, as deter- 
mined by FACS analysis, could be detected (58). 
Stimulation with either P. gingivalis or F. nucleatum 
resulted in a transient rise in the percent of positive 
cells. Unlike the gingival cells, small numbers of 
TGF-p + peripheral blood cells were present on 
extraction. After stimulation, the percentage of posi- 
tive cells rose continuously for the 6 days of culture. 
Th3 CD4 cells may therefore not be a significant 
subset of regulatory cells in periodontal disease. 



CD4 + CD25+ T cells make up approximately 5-10% 
of the peripheral blood T-cell pool and immunosup- 
pression occurs by inhibition of IL-2 production, via 
a mechanism dependent on cell-cell contact as well 
as the expression of CTLA-4, which is a CD28 homo- 
log and negative regulator of T-cell activity (153, 191). 
CD4 + CD25 + Tr cells may use multiple mechanisms 
to mediate suppression (128). In regard to period- 
ontal disease, an immunohistological study of 
experimental gingivitis in humans demonstrated 
very few CD25 + cells in the inflammatory lesions 
and it was not determined whether the small num- 
bers of positive cells were T cells (174). This indicates 
a limited role for CD4 + CD25 + T cells in periodontal 
disease, although the expression of CD25 on T cells 
has not yet been determined in progressive period- 
ontal lesions. However, there is controversy concern- 
ing the use of CD25 as a marker for Tr cells and 
pathogen-specific Tr cells have been suggested to 
become mature only after repeated antigen stimula- 
tion and to exert their regulatory role at the end 
stages of infection (128). Surface markers expressed 
only on Tr cells must be identified to understand 
fully the function and relationship of distinct Tr cell 
subsets (128). 

The development and persistence of chronic 
infections have been postulated to be due to an 
imbalance of either a Thl or a Th2 profile, although 
suppression of a protective immune response by 
regulatory T cells may be a major factor (128). Patho- 
gen-stimulated IL-10 or TGF-p by innate cells includ- 
ing macrophages and dendritic cells may suppress 
the immune response early in infection, this sup- 
pression being maintained by the induction of Trl 
or Th3 cells (128). Pathogens which cause chronic 
infections may export Tr cells to counteract pro- 
tective Thl responses, which in turn will prolong 
survival (128). 

Although Tr cells, like Thl or Th2 cells, arise from 
naive precursors, McGuirk & Mills (128) question 
whether subpopulations of antigen-presenting cells 
may then promote the differentiation of regulatory 
rather than effector T cells. Activation of dendritic 
cells which secrete IL-10 but not IL-12 have been 
reported to direct T cells to a Trl subtype (1, 127). 
Functional subpopulations of dendritic cells may be 
activated via distinct signals from pathogen-derived 
molecules rather than different lineages in vivo and 
other innate cells (128). 

Understanding the role of Tr cells will impact on 
our understanding and treatment of disease. The 
ability to induce certain T-cell subsets with specific 
cytokine profiles will enable the design of therapies 
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for prevention and treatment of chronic infections 
(128). 

Coinfection studies 

Dental plaque is a complex biofilm. Adhesion of 
colonizing organisms to the enamel salivary pellicle 
occurs initially, followed by secondary colonization 
via inter-bacterial adhesion (reviewed in 159). Sub- 
gingival plaque, which resides in a more protected 
location than supragingival plaque, is not subject to 
the same degree of intraoral abrasion or salivary host 
defense mechanisms and, as with biofilms in general, 
is very resistant to removal (38). Retention and 
growth of bacteria is facilitated by a number of 
adhesins including fimbriae, hemagglutinins and 
proteinases (104). P. gingivalis binding occurs via 
fimbrillin, the structural subunit of the major fim- 
briae. This asaccharolytic organism requires hemin 
and peptides for growth, producing at least three 
hemagglutinins and five proteinases for these re- 
quirements. The hemagglutinins participate in adher- 
ence interactions and the proteinases contribute to 
adverse immune responses and to tissue destruction. 
P. gingivalis also modulates host cell signal trans- 
duction pathways, resulting in uptake by gingival 
epithelial cells where the bacteria can influence 
components of the innate immune system (104). 

Holt et al. (80) concluded in a study on the nonhu- 
man primate Macaca fascicularis that while a 
selected group of organisms may be important in 
the disease process, other members of the micro- 
biota may play a significant role in the events leading 
to disease progression. The commensal nature of 
many of the bacteria in the complex biofilm must 
be taken into account in studies of antigenic epitopes 
of periodontopathogens and the immune responses 
elicited in the host (147). Therefore, while perio- 
dontopathic bacteria such as P. gingivalis and 
T. forsythia are essential for periodontal disease 
progression to occur, interactions between the many 
species of oral bacteria must be considered to be 
important factors in the development of periodontal 
disease. Many studies have reported the bacterial 
composition associated with health, gingivitis and 
periodontitis (reviewed in 38). However, as stated 
above, studies of antigens associated with periodon- 
tal disease have provided conflicting results due to 
the variable nature of the composition in individuals. 

Animal models have been used to study the patho- 
genicity of mono-infections of periodontopathogens 
such as P. gingivalis (27, 72, 93, 96, 100). These stu- 



dies examined the effect of immunization with inva- 
sive and non-invasive strains of P. gingivalis in the 
clearance of organisms, healing of lesions and pro- 
duction of specific antibodies as well as protective or 
non- protective isotypes. In recent years, reports have 
also been published on the effects of mixed microbial 
infections including P. gingivalis and A actinomyce- 
temcomitans (28), P. gingivalis andF. nucleatum (43) 
and P. gingivalis and P. forsythia (210). The results of 
these studies generally demonstrated increased 
levels of pathogenicity with a synergistic effect 
observed in the humoral and cellular host responses. 
Another study demonstrated an inhibition of serum 
anti-P. gingivalis antibodies when F. nucleatum 
immunization preceded that of P. gingivalis, with 
significantly reduced levels of both anti-P gingivalis 
and anti-F. nucleatum antibodies when P. gingivalis 
immunization preceded that of F. nucleatum, indi- 
cating inhibitory effects on antibody production by 
both bacteria (69). Both P. gingivalis and F. nuclea- 
tum induced Thl and Th2 responses and while 
F. nucleatum did not have an effect on the T-cell 
cytokine profiles induced by P. gingivalis, the per- 
centage of IL-4 + CD4 cells in the spleens of mice 
immunized with both organisms was increased com- 
pared with the control group, indicative of a Th2 
response (69). In another study, Choi et al. (31) estab- 
lished P. gingivalis-specific T-cell clones from the 
spleens of BALB/c mice immunized with P. gingiva- 
lis and F. nucleatum and found that lines from mice 
injected with P. gingivalis had a polarized Thl pro- 
file, whereas those from mice immunized with both 
bacteria had a polarized Th2 cytokine pattern. It was 
concluded that F. nucleatum provided an immuno- 
modulatory role in that T cells initially primed by 
F. nucleatum antigens may result in the develop- 
ment of Th2 cells. Primary infection of mice with 
P. gingivalis and F. nucleatum has also been shown 
to result in significantly greater lesion size compared 
with infection with P. gingivalis alone (46). However, 
when the ratio of F. nucleatum to P. gingivalis was 
1 : 1 or greater, the spread and progress of lesions 
was decreased, suggesting an inhibitory effect on the 
virulence of P. gingivalis, although infection with 
F. nucleatum prior to or 1 h after P. gingivalis infec- 
tion enhanced the ability of P. gingivalis to form 
large phlegmonous lesions. Following on from this 
study, Ebersole et al. (43) showed that active immu- 
nization of mice with P. gingivalis protected against 
challenge with P. gingivalis as well as P. gingivalis 
together with F. nucleatum and this protection, in 
terms of lesion size, correlated with the levels of 
specific serum IgG antibody. 
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It is now being recognized that bacteria within 
biofilms have properties which may not be seen 
when individual species are grown independently 
(73). Future animal studies must use biofilms formed 
using initial colonizing plaque bacteria together with 
periodontopathic organisms as immunogens in 
order to mimick more closely the immune response 
involved in periodontal disease. 

Susceptibility to periodontal disease 

Innate susceptibility to periodontal disease is influ- 
enced by host genotype (129). Genetic polymorph- 
isms in Fc receptors on phagocytic cells may be 
significant in determining susceptibility to bacterial 
infections (164). Individuals with low affinity Fc 
receptors for IgG2 (Fey Rlla) have reduced IgG2- 
mediated phagocytosis of encapsulated bacteria 
and are susceptible to a variety of bacteria including 
meningococcal infections (21, 165). Serum IgG2 anti- 
bodies are the predominant response to P. gingivalis 
antigens (110, 148, 201, 204), although a recent study 
found no association in the frequency of FC7 Rlla or 
Fey RHIa receptor haplotypes with refractory or suc- 
cessfully treated periodontal disease or periodontally 
healthy individuals (33). 

Cytokine polymorphisms have been reported to 
influence the immune response in periodontal dis- 
ease. Galbraith et al. (52) demonstrated a correlation 
between the TNF-a 308 genotype and levels of TNF-a 
production by oral neutrophils in periodontitis 
patients with a significant association between the 
Tl,2 genotype and patients with advanced disease. 
However, another study found no correlation 
between genetic polymorphisms and periodontal 
disease (177). Similarly, no evidence of a role for 
IL-10.G alleles in genetic susceptibility to early-onset 
periodontal diseases could be demonstrated (78). On 
the other hand, IL-1 polymorphisms have been 
claimed to be a risk factor for severe periodontal 
disease with genotype positive individuals (101). 
Furthermore, an IL-1 genotype (IL-1 |3 +3954) in 
combination with smoking as well as a combined 
IL-1 |3 and IL-1 receptor antagonist (IL-1RA) geno- 
type have been shown to be risk factors, supporting a 
role for both genetic and environmental factors in 
susceptibility to early-onset periodontitis (142). 
Another study demonstrated that the composite IL- 
1 genotype including allele 2 at each of two loci (IL- 
IA +4845 and IL-1B +3954) was associated with 
severity of periodontitis and that, again, both geno- 
typing and smoking history could provide risk factors 



for periodontal disease (126). A more recent report 
suggested an active role of IL-2 in the pathogenesis of 
periodontal disease by the finding of an association 
in the -330 (T — > G) polymorphism in the IL-2 gene 
with periodontal disease severity (167). 

Neuroendocrine regulation may be significant in 
periodontal disease susceptibility. Lymphoid organs 
are richly innervated, suggesting direct contact 
between neurons and leukocytes. Leukocytes express 
receptors to neurotransmitters, especially noradre- 
nalin, as well as receptors for several hormones 
produced by endocrine glands, including corticoster- 
oids, which have immunosuppressive properties. 
Other receptors are specific for endorphins, growth 
hormone, thyroid hormone, substance P and ACTH, 
some of which are produced in small quantities by 
the cells of the immune system themselves. On the 
other hand, many cytokines produced by leukocytes 
can act on neurons and endocrine glands including 
IL-1, IL-6 and TNF-a (98). A recent experimental 
periodontitis rat model of hypothalamic pituitary 
adrenal axis hyperreactivity suggested that central 
nervous system regulation of immune responses to 
dental plaque bacteria may modulate susceptibility 
and disease progression (22). 

While periodontopathic bacteria and the inflam- 
mation they provoke are essential for disease pro- 
gression, environmental risk factors such as 
tobacco smoking, psychosocial stress and systemic 
diseases such as diabetes modify the host response 
and may be major determinants of the enormous 
variation in susceptibility (141). These factors may 
modify the pathways by which bacteria cause inflam- 
mation and hence modify disease progression, sever- 
ity and outcome (141). Periodontal disease has been 
cited as a major complication of diabetes, with 
patients displaying an increased incidence and 
severity of disease (83) and poor periodontal health 
of pregnant women has recently been cited as a 
potential risk factor for low birth weights (39). Some 
risk factors are a concern for periodontal disease and 
certain systemic diseases such as cardiovascular dis- 
ease (32). Individuals with severe periodontitis have 
been reported to have a significantly increased risk of 
developing cardiovascular disease including athero- 
sclerosis, myocardial infarction and stroke (40). Var- 
ious mechanisms have been proposed to explain the 
association between periodontal and cardiovascular 
disease. Although one pattern of IL-1 genetic poly- 
morphisms as described above is associated with 
periodontitis, another pattern characterized by the 
IL-1B (-511) and IL-1RN (+2018) markers is asso- 
ciated with atherosclerotic plaque formation but not 
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periodontitis. Models are currently being formulated 
to show how IL-1 genetic factors may be involved in 
cardiovascular disease (103). 

Recently, Wick et al. (202) investigated the induc- 
tion of increased T-cell infiltration in early athero- 
sclerotic lesions in a rabbit model. All immunized 
animals developed arteriosclerotic lesions at the pre- 
dilection sites regardless of the immunogen used and 
the inducing factor was determined to be mycobac- 
terial heat shock protein 65. Heat shock proteins are 
induced by cells on exposure to various forms of 
stress including temperature, oxidative injury, irra- 
diation, infection and heavy metals and participate in 
physiological processes such as the assembly, trans- 
port and protection of proteins from denaturation 
(149). There is a remarkable conservation in the 
structure of heat shock genes and heat shock protein 
across species. During infection, bacterial heat shock 
proteins constitute major antigen determinants (94). 
The immune system may not be able to differentiate 
between self-heat shock protein and bacterial heat 
shock protein; cross-reactive epitopes of T cells with 
specificity for self-heat shock protein can therefore 
be activated during infection and antibodies gener- 
ated by the host directed at pathogenic heat shock 
protein could result in an autoimmune response to 
similar sequences of the host (149). Significantly 
increased levels of anti-heat shock protein 65 anti- 
bodies have been reported in clinically healthy 
humans with sonographically demonstrable athero- 
sclerotic lesions in their carotid arteries, compared 
with individuals who did not have these lesions (202). 
These antibodies were cross -reactive with heat shock 
protein 60 of other bacteria including GroEL of 
Escherichia coli and there was a correlation between 
high antibody titers and high mortality. These anti- 
bodies also recognized human heat shock protein 60 
and were able to lyze stressed but not unstressed 
endothelial cells. Endothelial cells in stressed areas 
of arteries, but not veins, express heat shock protein 
60 and Wick et al. (202) proposed that oxidized low 
density lipoproteins may act as stressors to induce 
the expression of heat shock protein 60 and adhesion 
molecules by endothelial cells, resulting in interac- 
tion with heat shock protein 60/65-specific T cells. 
The presence of risk factors such as high blood cho- 
lesterol would then result in progression to severe 
and irreversible atherosclerotic alterations. 

Multiple infectious agents have been detected in 
atherosclerotic plaques including P. gingivalis (30). 
GroEL-like proteins in several pathogenic bacteria 
have been reported to be major antigens (200) and 
an E coli GroEL homolog identified in P. gingivalis 



(81, 113, 118) was shown to be immunogenic, being 
recognized by serum samples from periodontal dis- 
ease patients (118). Western blot analysis demon- 
strated a higher positive response to P. gingivalis 
GroEL in periodontal disease patients than in healthy 
subjects (184) and anti-P. gingivalis GroEL antibo- 
dies were detected in all samples of inflamed gingival 
tissues. The concentration of IgG antibodies in the 
gingival tissue extracts was higher than in the corre- 
sponding serum samples, suggesting the antibodies 
were produced locally. Gingival homogenate samples 
from patients with adult periodontitis also reacted 
with anti-human heat shock protein 60 (3) with heat 
shock protein 60 expression demonstrated to be 
higher in gingival epithelial cells in inflamed tissues 
than in healthy samples (115). While these results 
suggest that both self and bacterial heat shock pro- 
teins may play a role in the development of period- 
ontal disease, a more recent report has shown that 
the proliferative responses of peripheral blood 
mononuclear cells from periodontitis patients to 
mycobacterial and human heat shock protein 60 
and 70 were lower than responses by cells from gin- 
givitis subjects, suggesting that poor reactivity to heat 
shock protein may be a susceptibility factor for 
destructive periodontal disease (143). Similarly, 
Lopatin et al. (Ill) found that patients with higher 
anti-heat shock protein 90, DnaK and GroEL serum 
antibody concentrations tended to have significantly 
healthier periodontal tissues, particularly when the 
relationship between mean probing depths and anti- 
body concentrations was analyzed. Additionally, with 
respect to anti-heat shock protein 90 antibodies, an 
inverse relationship with probing depth and positive 
relationship with colonization by P. gingivalis was 
found. It was concluded that an inability to mount 
an immune response to specific heat shock protein 
might identify patients at risk of developing perio- 
dontal disease. 

Animal models have been used to determine the 
importance of genetic factors in periodontal disease. 
Baker et al. (13) concluded that susceptibility to bone 
loss occurring after oral infection with P. gingivalis is 
genetically determined. In another study, an inverse 
relationship in the splenic T- and serum B-cell 
responses to P. gingivalis was shown in strains of 
mice with different H-2 haplotypes (66), such that 
strong T-cell cytokine responses were accompanied 
by weak specific anti-P. gingivalis antibody levels 
and vice versa. Additionally, the levels of anti-P. gin- 
givalis antibodies present in the serum samples 
appeared to correlate with healing of the lesions after 
subcutaneous challenge, higher levels being present 
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in mice which exhibited the fastest kinetics with 
regard to lesion recovery, indicating the significance 
of protective specific antibodies. 

A recent study which examined the cytokine pro- 
files of P. gingivalis-specific T-cell lines established 
from four mouse strains showed that the T-cell 
response to P. gingivalis, and in particular the CD4 
response, may depend on major histocompatibility 
complex genes, further implicating genetic factors in 
the T-cell response in periodontal disease. The spe- 
cific antibody response to P. gingivalis requires the 
presence of T cells (16) and T cells have been shown 
to influence periodontal bone destruction (11, 12). 
Recently, Katz & Michalek (92) adoptively transferred 
splenic or Peyer's patch T cells from normal Fischer 
rats orally infected with P. gingivalis into nude 
Fischer rats and found that after oral challenge with 
live organisms, serum and salivary responses were 
noted only in treated nude rats compared with con- 
trol rats which did not receive T cells, confirming a 
T-cell-dependent response to P. gingivalis. Further- 
more, higher serum IgG, especially IgG2, was corre- 
lated with less horizontal bone loss in these 
adoptively transferred rats. IgG2 responses indicate 
the involvement of Thl cells, suggesting that this T- 
cell subset may be associated with a more favorable 
outcome in relation to bone loss after oral challenge 
to P. gingivalis. 

Antigen-presenting cells 

Different antigen-presenting cells have been sug- 
gested to direct T cells to a Thl or Th2 pathway 
due possibly to presentation of different antigenic 
epitopes involving different second signals resulting 
in the secretion of different cytokine patterns (17). 
Dendritic cells are professional antigen-presenting 
cells which can initiate primary and secondary T-cell 
responses (181). Immature dendritic cells originate 
in the bone marrow and migrate to peripheral non- 
lymphoid tissues, processing antigen, differentiating 
to become mature dendritic cells and migrating via 
the afferent lymph to the draining lymph nodes, 
where they present antigen to T cells in the T-cell 
areas (144, 157). Activated /memory T cells travel to 
the site of inflammation and can be activated at the 
peripheral sites (99). Recently, a double immuno- 
fluorescence study has shown an association 
between P. gingivalis and immature CDla + Langer- 
hans cells in the epithelium of gingival sections from 
periodontitis subjects (36). As immature dendritic 
cells were limited to the epithelium and mature den- 



dritic cells were restricted to the connective tissue, it 
was hypothesized that immature dendritic cells 
could be exposed to P. gingivalis, resulting in their 
activation/maturation and movement into the con- 
nective tissue. In vitro evidence that dendritic cells 
internalize P. gingivalis was also demonstrated and 
pulsed dendritic cells could stimulate T cells to pro- 
liferate in a dose-dependent manner. P. gingivalis 
sensitization of dendritic cells was further hypothe- 
sized to occur in advanced gingivitis or early active 
periodontitis, followed by the homing of P. gingiva- 
fe-specific effector T cells with persistent P. gingiva- 
lis infection in severe periodontitis. Another study 
has shown that the IL-10 : IL-12 ratio elicited from 
P. gingivalis-pulsed dendritic cells was threefold 
higher than that from E. co/Z-pulsed dendritic cells. 
Furthermore, P. gingivalis-pulsed dendritic cell- 
induced proliferation of autologous CD4 cells was 
lower, as was the release of IFN-7 (90). 

Cells other than dendritic cells including macro- 
phages and B cells may initiate secondary immune 
responses after the induction of major histocompat- 
ibility complex class II molecules by cytokines such 
as IFN-7 (134). Unlike B cells, macrophages and den- 
dritic cells bind antigen by relatively nonspecific 
mechanisms, so that they may initially activate T 
cells, while B-cell antigen presentation may induce 
further activation and clonal expansion of these cells. 
A recent study has shown a predominance of B cells, 
rather than macrophages or dendritic cells in period- 
ontitis lesions (71). Furthermore, a study by Maha- 
nonda et al. (119) demonstrated that P. gingivalis or 
A actinomycetemcomitans stimulation of peripheral 
blood mononuclear cells resulted in upregulation of 
the costimulatory molecule CD86 and mature den- 
dritic cell marker CD83 on B cells. These activated B 
cells were potent antigen-presenting cells in mixed 
leukocyte reactions, stimulating T cells to produce 
high levels of IFN-7 and minimal IL-5. While this 
study indicated that B cells induce a Thl response, 
other evidence suggests that B cells direct CD4 + T 
cells to a Th2 pathway (reviewed in 17). In yet 
another study, when purified populations of mono- 
cytes, B cells or dendritic cells presented P. gingivalis 
outer membrane antigens to P. gingivalis-specific T 
cells, the resultant cytokine profiles were consistent 
with both Thl and Th2 responses with lower percen- 
tages of IL-10 + T cells, both CD4 and CD8 cells being 
stimulated to similar degrees (70). Therefore, any 
shift in the Thl or Th2 profiles in the periodontal 
lesion may not be due to the type of antigen present- 
ing cell but due to other factors such as the nature of 
the antigen. Finally, the low percentages of IL-10 + T 
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cells induced by P. gingivalis have been suggested to 
indicate progressive disease such that this cytokine 
may be of fundamental importance in the control of 
periodontal disease progression (63). 

Suchett-Kaye et al. (182) have suggested that 
gingival keratinocytes may act as antigen-presenting 
cells in the progressive lesion. It is already clear that 
gingival keratinocytes contribute to periodontal dis- 
ease progression by the secretion of a number of 
proinflammatory cytokines including IL-1, IL-6 and 
IL-8 and the expression of adhesion molecules, 
which aid in the influx of leukocytes into the gingival 
sulcus. Since P. gingivalis and A. act i no mycetem co - 
mitans can, unlike normal flora, disrupt the gingival 
epithelial barrier by adhering to and invading epi- 
thelial cells and even the connective tissues in dis- 
eased sites (47, 166), it is possible that gingival 
keratinocytes can present P. gingivalis and A. actino- 
mycetemcomitans antigens to the underlying lym- 
phocytes (162). As well as keratinocytes, other 
resident cells such as activated endothelial cells 
and fibroblasts may also play a role in antigen pre- 
sentation in periodontitis lesions. 

Costimulatory molecules 

Activation of T cells leading to cytokine production 
requires a signal transduced through the T-cell 
receptor as well as a second signal transduced by a 
costimulatory molecule (56). CD28 is the major cost- 
imulatory signal receptor for T cells and its natural 
ligands are CD80 (B7-1) and CD86 (B7-2), which are 
expressed either constitutively or after activation on 
antigen-presenting cells (2). CTLA4 (CD 152), a CD28 
homolog, is expressed only on activated T cells (48, 
108) and, unlike CD28, is a negative regulator of T- 
cell activation (125). CD152 functions to inhibit T-cell 
responses and thus has opposing activities to CD28. 
CTLA-4 binding blocks IL-2 production, IL-2 recep- 
tor expression and cell cycle progression (197) and 
negative regulation of T-cell responses takes place 
either during the initial triggering of the cells, result- 
ing in tolerance, or during the later stages, to termi- 
nate proliferation and effector functions. Where B7 
ligands are limited, low levels of CD 152 with its 
greater affinity and avidity for B7 may induce signals 
which predominate and inhibit T-cell responses. With 
increased expression of B7, initially on dendritic cells 
and subsequently on activated B cells, CD28 signals 
may predominate, resulting in T-cell activation (24). 

T cells express CD28 rather than CD 152 in period- 
ontal disease tissues (68, 140). CD28 + T cells were 



found to increase with increasing numbers of B cells, 
suggesting T-and B-cell interactions with increasing 
inflammation (68). While in vivo studies (68, 140) 
suggested a limited role for CD 152 in periodontal 
disease, an in vitro study reported a higher percent 
CD152 + CD4 cells in cultures of P. gingivalis -stimu- 
lated peripheral blood cells from periodontitis 
patients than from healthy control subjects (5). 
Anti-CD152 monoclonal antibodies had no effect 
on the proliferative response of peripheral blood 
mononuclear cells, although CD 152 immunoglobu- 
lins did suppress proliferation in the presence of 
P. gingivalis. Orima et al. (140) also correlated the 
distribution of B7 + cells with that of B cells, and 
CD86 was found to be the predominant B7 molecule 
(68). CD80 expression was determined to be 
expressed mainly by macrophages, whereas both 
macrophages and B cells were positive for CD86. 
The very low percentage of positive cells also sug- 
gested that the majority of B cells in periodontal 
disease lesions are not activated in terms of B7 
expression (68). 

CD28/B7 interactions may influence T-cell cyto- 
kine profiles, with Thl clones being more dependent 
on B7 than Th2 clones (56). When B7 negative anti- 
gen-presenting cells present antigen, Thl cells are 
not activated to produce IL-2 and become unrespon- 
sive, resulting in downregulation of cell-mediated 
responses (87). T-cell anergy after transmigration of 
A actinomycetemcomitans-specific Thl clones 
across IFN-7 stimulated major histocompatibility 
complex class II + B7-endothelial cells has been 
reported (190). In a Listeria monocytogenes mouse 
model, blocking of B7 resulted in a decrease in anti- 
gen-specific production of IFN-7 and IL-2 both 
in vivo and by cultured spleen cells (213). Th2 clones, 
on the other hand, which use IL-4 as their autocrine 
growth factor, can be activated without CD28 costi- 
mulation (124), indicating that activation of differen- 
tiated Th2 cells may require other costimulatory 
molecules (56). However, CD28/B7 binding is neces- 
sary to make these cells responsive to IL-4. CD28 
increases responsiveness to IL-4 through an IL-1- 
dependent route, that is, CD28 costimulation is 
mediated by IL-1 induction in these cells, so that 
although the mechanism may differ, CD28 is 
required for activation and proliferation of both 
Thl and Th2 cells (124). Yet another report showed 
that IL-4 production in Borrelia burgdorferi-infected 
BALB/c mice was dependent on CD28/CD86 inter- 
action while CD80/CD86 blockade resulted in expan- 
sion of IFN-7 producing T cells, suggesting that other 
costimulatory pathways may contribute to T-cell 
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activation during continuous antigen stimulation 
(176). In another study, injection of A actinomyce- 
temcomitans into the gingiva of rats after the transfer 
of antigen-specific Thl clones but not Th2 clones 
was reported to induce bone resorption. A actino- 
mycetemcomitans lipopolysaccharide induced the 
expression of both B7-1 and B7-2 on previously nega- 
tive gingival macrophages and the administration of 
local or systemic CTLA4Ig, a functional antagonist of 
CD28 binding to B7, abrogated the bone resorption 
induced by Thl cells and gingival challenge with 
both antigen and lipopolysaccharide. It was sug- 
gested that inhibition of B7 expression by this 
antagonist could prove therapeutic for intervention 
of inflammatory bone resorption (95). 

Innate immunity 

Phagocytic cells such as neutrophils and macro- 
phages constitute the first line of defense against 
bacterial infection. Neutrophils can be found within 
the gingival sulcus and migrate through the junc- 
tional epithelium in all stages of periodontal disease 
(Fig. 6). In the sulcus, neutrophils form a barrier 
between the epithelium and plaque (8) which in 
most cases prevents bacterial invasion of the epithe- 
lium and underlying connective tissue (77). However, 
bacteria such as P. gingivalis are able to evade host 
innate immune responses (reviewed in 38). P. gingi- 
valis inhibits the migration of neutrophils from the 
circulation into the tissues by inhibition of E-selectin 



expression on endothelial cells (37). P. gingivalis also 
inhibits epithelial cell production of the chemokine 
IL-8, thus blocking neutrophil transmigration 
through the oral epithelium (117). Bacteria, including 
P. gingivalis, produce proteases that can cleave com- 
plement and immunoglobulins to prevent opsoniza- 
tion and subsequent neutrophil killing of invading 
bacteria (112, 169, 170, 183). A actinomycetemcomi- 
tans produces a protein which inhibits neutrophil 
chemotaxis and H 2 0 2 production (6, 7), and a cyto- 
lytic leukotoxin which lyzes susceptible target cells, 
including neutrophils, monocytes and T cells (121, 
185, 186). The ability of the innate immune system to 
regulate the adaptive immune response has been 
recognized (175) based on the observation that neu- 
trophils secrete a range of cytokines including IL-1 
and the IL-1 receptor antagonist (109). 

Macrophages are important mediators of inflam- 
mation. On exposure to antigen, macrophages both 
initiate and enhance the immune response by the 
secretion of a number of proinflammatory cytokines 
such as IL-1 and IL-6, T-cell regulating cytokines 
including IL-10 and IL-12 and a number of chemo- 
kines which influence the recruitment of additional 
monocytes, neutrophils and lymphocytes into the 
gingival tissues (102). Macrophages also act as anti- 
gen-presenting cells in the initial stages of the 
immune response and play a vital role in the effector 
stages as microbicidal cells (85). It is difficult to 
ascertain the regulatory role of macrophages in per- 
iodontal disease as few studies have been reported 
and these have been contradictory. One study 




Fig. 6. Neutrophils in the subepithe- 
lial tissues and migration through 
the junctional epithelium. 
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demonstrated the presence of different subpopula- 
tions of macrophages indicative of macrophages at 
different stages of differentiation and activation, sug- 
gesting participation of these cells in the local 
immune response in periodontal disease (171). How- 
ever, another study reported no increase in macro- 
phage numbers and little evidence of macrophage 
activation in advanced periodontitis compared with 
minimally inflamed tissues (26). 

Toll-like receptors 

Studies on toll-like receptors are providing answers 
as to how antigen-presenting cells such as dendritic 
cells and macrophages recognize bacteria and mount 
different responses resulting in elimination of invad- 
ing pathogens (139). Different toll-like receptors 
recognize different pathogen-associated molecular 
patterns (194) resulting in the induction of different 
patterns of immune and inflammatory genes (82). 
Specificity in the innate immune response may lie 
in the differences in signal transduction pathways 
activated by different toll-like receptors (139). A 
study on E. coli lipopolysaccharide and influenza 
virus, which activate toll-like receptor-4 and toll-like 
receptor-3, respectively, suggested that a common 
set of genes was triggered by activating a common 
signaling pathway, although differences indicated 
distinct pathways activated by each receptor type (82). 
E. coli lipopolysaccharide and P. gingivalis lipo- 
polysaccharide have been shown to exhibit potent 
toll-like receptor-4 and toll-like receptor-2 agonist 
activity, respectively, resulting in a differential 
expression of a panel of genes in murine macro- 
phages. The data supported findings of a shared sig- 
naling pathway elicited by toll-like receptor-4 and 
toll-like receptor-2 agonists that has to diverge, 
accounting for distinct inflammatory gene expres- 
sion profiles (79). Activation of dendritic cells by 
toll-like receptor-4 or toll-like receptor-2 agonists 
resulted in differences in cytokine and chemokine 
gene transcription, toll-like receptor-4 stimulation 
promoting the Thl cytokine -inducing IL-12p70 and 
the Thl -associated chemokine IFN-7 inducible pro- 
tein (IP)-IO; toll-like receptor-2 stimulation did not 
induce IL-12p70 and IP-10 but did induce the IL-12 
inhibitory p40 homodimer, favoring Th2 develop- 
ment (152). Injections of E. coli or P. gingivalis lipo- 
polysaccharide together with OVA induced similar 
clonal expansion of OVA-specific CD4 + and CD8 + 
T cells, although while E. coli lipopolysaccharide 
induced a strong IFN-7 response with few or none 



of the Th2 cytokines IL-5, IL-10 or IL-13, P. gingivalis 
lipopolysaccharide induced the strong Th2 cytokines 
and lower levels of IFN-7. E. coli lipopolysaccharide 
also induced IL-12 p70 in CD8 a + dendritic cells, 
while P. gingivalis lipopolysaccharide did not, 
although both types of lipopolysaccharide activated 
dendritic cells to upregulate costimulatory molecule 
expression (151). These studies suggest that differen- 
tial signaling by toll-like receptors may lead to Thl 
or Th2 polarization and a lack of toll-like receptor 
signaling has also been suggested to result in a Th2 
response by default (139). 

O'Neill (139) suggests that unraveling the mechan- 
isms of toll-like receptor signaling, as well as disco- 
vering additional signaling proteins, will increase our 
understanding of how cells involved in the innate 
immune response optimize the adaptive immune 
response, resulting in elimination of the invading 
microorganism. 

Micro arrays 

Microarray technology incorporates molecular 
genetics and computer science on an enormous scale 
to allow investigation of the simultaneous expression 
of entire genomes to provide information on gene 
function, disease pathophysiology, disease classifica- 
tion and drug development (74). A major use of this 
technology is in the identification of associations 
between genes and cancer (41) and one of the mod- 
ifications of this new technology is in the use of tissue 
microarrays (161). These involve the placing of tiny 
disks of tissue in an array in one recipient paraffin 
block, enabling the analysis of hundreds of cases 
simultaneously. This technology allows a highly effi- 
cient high-throughput mechanism for the compre- 
hensive characterization of biomarkers of interest 
(135, 158). Tissue microarrays are proving a powerful 
tool for the rapid identification of the biological or 
clinical significance of molecular alterations in 
tumors (135). Microarray ELISAs have also been 
reported as a tool that allows the simultaneous ana- 
lysis of a number of antigens in complex biological 
samples (89, 203). Immunotyping of leukemias via 
the concurrent determination of 50 or more CD anti- 
gens on leukocytes in a single analysis using a micro- 
array of antibodies has also been reported. This 
technique compared well with flow cytometry and 
the intact cells captured on antibody dots allows 
further characterization using fluorescently labeled 
antibodies (15). Genes associated with specific bio- 
logical pathways could be ascertained in periodontal 
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disease tissues. Microarray analysis of RNA extracted 
from cells/cell lines in vitro could be performed to 
determine the pathways by which periodontal patho- 
gens induce periodontal destruction. Determination 
of the genes involved in these pathologic processes 
and the proteins they produce could lead to assays 
studying the role of these proteins and ways to down- 
regulate them as a means of immunotherapy. 

Conclusion 

It is clear that the immunoregulatory control of 
Thl/Th2 cytokine profiles is fundamental in deter- 
mining the ultimate outcome of chronic periodonti- 
tis. The various mechanisms discussed above are 
not mutually exclusive and all may play some role. 
Whether this role is the same in all individuals 
remains to be determined. In some people, for exam- 
ple, the genetic influence may be the dominant 
factor; in others, the nature of the antigen (s) may 
represent the overriding influence. Clearly, the in- 
ability to clinically determine the precise nature of 
the disease process will continue to make research in 
this area difficult. Nevertheless, because of its funda- 
mental nature, research must continue if suscep- 
tibility to periodontal disease is to be understood 
and tooth loss prevented. 
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Shouts and whispers: an 
introduction to immunoregulation 
in periodontal disease 

Gregory J. Seymour & John J. Taylor 



There is little doubt that patient susceptibility to 
chronic periodontal disease plays a major role in 
determining the ultimate disease outcome. Suscept- 
ibility to periodontal disease involves the interplay 
between bacteria, the host and environmental factors 
(Fig. 1). It is well established that bacteria in the 
dental plaque biofilm are the cause of the inflamma- 
tion. However, since the 1970s it has been clear that 
not all plaques result in progressive disease. In 1996 
the consensus report of the World Workshop on Clin- 
ical Periodontics (1) concluded that three bacterial 
species, Porphyromonas gingivalis, Actinobacillus 
actinomycetemcomitans and Tanner ella forsythia, 
should be considered as the major periodontal 
pathogens. Subsequently, Socransky et al. (24) des- 
cribed a number of bacterial complexes with the 
major 'red complex', consisting of P. gingivalis, Tre- 
ponema denticola and T forsythia, being associated 
with advanced forms of chronic periodontitis. 
Although there is general support for this concept, 
it is also well recognized that the presence of the 
pathogenic bacteria per se is insufficient to cause 
disease. It has recently been shown that there is a 
high degree of volatility in terms of acquisition and 
loss of the putative periodontal pathogens over a 
5 -year period. Relatively few subjects had these 
organisms on multiple occasions (4). Whether or 
not the bacteria were actually lost or just declined 
to levels below the detection limit of the assay 
remains to be determined. Nevertheless, this study 
clearly showed the limitations in cross-sectional 
microbiological studies and periodontal disease 
and highlights the fact that many individuals may 
harbor the organisms without manifesting progres- 
sive periodontal destruction (4). 

Host factors are clearly of fundamental importance 
(21). In this context, the way in which the host 
responds to the bacteria is determined by the nature 



and control of both the innate and adaptive immune 
responses. As pointed out by Marshall (15) The 
sulcular and junctional epithelia have been thought 
to represent the apparent weak link in the body's 
ability to seal out the outside environment i.e. the 
plaque biofilm. In reality however, it acts more as a 
gatekeeper, selectively allowing the passage of anti- 
gens and cells as well as producing a range of defen- 
sive molecules. While the physical barrier function of 
the epithelium cannot be understated, it is now 
recognised that epithelia throughout the body pro- 
duce a diverse range of antimicrobial peptides. To 
date, at least four families of different antimicrobial 
peptides (a-defensins, |3-defensins, Cathelicidins, 
Saposins) have been found in humans. An overview 
of these molecules and their possible role in period- 
ontal disease is presented by Marshall (15) in this 
issue. This is not an extensive review of defensins but 
rather an overview to highlight the important contri- 
bution of these molecules in disease pathogenesis and 
as possible therapeutic modalities. For a more com- 
prehensive review, readers are referred to Dale (7) . 

Once the epithelial barrier with its antimicrobial 
peptides is breached the adaptive immune response 
comes into play. Cytokines are central to this 
response, such that the production of 'appropriate' 
cytokines results in development of protective 
immunity and the production of 'inappropriate' 
cytokines leads to tissue destruction and disease pro- 
gression (10). Just how the immune system chooses 
and regulates the right cytokines is unclear, although 
genetic factors are most likely involved. Recently, 
Cullinan et al. (3) in a 5 -year longitudinal study 
showed that a specific interleukin (IL)-l genotype 
was a contributing but nonessential factor in the 
progression of periodontal disease. Equally they 
showed smokers with P. gingivalis had significantly 
more probing depths greater than 3.5 mm compared 
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Fig. 1. Susceptibility to periodontal disease. 

with smokers without P. gingivalis. At the same time, 
IL-1 genotype-positive smokers had 70% more pock- 
ets >3.5 mm than IL-1 genotype-negative smokers 
(3). This study clearly shows the interplay between 
bacteria, host and environmental factors. 

As stated above, cytokines are central to the patho- 
genesis of an ever-increasing number of diseases, 
including periodontal disease. Cytokines are intercel- 
lular messengers and as such represent a key 
mechanism by which cells involved in immune 
responses communicate. They are usually produced 
transiently, often in picomolar concentrations, and 
some, such as IL-4, may have a very restricted range 
of activity. Indeed, the majority of immune responses 
occur locally and often between two cells conjugated 
together (Fig. 2). In this context, the analogy can be 
drawn that when two cells are talking together they 
'whisper'. However, when cells talk to one another at 
a distance they may 'shout' by producing large 
amounts of cytokine. Such cytokines such as IL-1 
and IL-6 are therefore produced by a large number 
of cells and are produced in relatively large quanti- 




Irs general, ceils 
whisper to ®ne 
another. 

They shout 

Fig. 2. The majority of immune responses occur locally 
rather than systemically and often between two cells con- 
jugated to one another. 



ties. It is therefore erroneous to compare the various 
cytokines quantitatively and suggest that any differ- 
ences are of greater or lesser biological significance. 
Within the context of this analogy it can be seen that 
immunoregulation or control of the immune res- 
ponse in periodontal disease is a series of 'shouts' 
and 'whispers' as cells talk to one another while they 
combat the bacterial attack. 

Cytokines also have a tremendous built-in redun- 
dancy, many cytokines having overlapping functions. 
IL-1 and IL-6 are two such cytokines, as are IL-4 and 
IL-13. Hence, continuing the 'shouts' and 'whispers' 
analogy, cells hear the same message from a variety 
of sources so that the absence of one cytokine but the 
presence of another may result in the same biological 
outcome. Equally, many cytokines are antagonistic 
and again the overall biological effect is the result of 
the balance between all cytokines rather than their 
individual levels. It should be obvious therefore that 
cytokines function as a network and individual ele- 
ments of the network cannot be studied in isolation 
(17). For example, Martuscelli et al. (16) have shown 
that recombinant human IL-11 (an inhibitor of IL-1 
production) effectively inhibits periodontal attach- 
ment loss in a dog model. Therefore the study of 
IL-1 without reference to IL-11 (as well as other inhi- 
bitors such as IL-10 and IL-lra) may well be mean- 
ingless or at best difficult to interpret. The wealth of 
new information emerging from the human genome 
project and related initiatives has revealed many 
novel cytokines with as yet unknown functions 
(19). The study of cytokines and their role in immuno- 
regulation and disease pathogenesis will therefore 
remain a critical element of periodontal research 
for some years to come. 

Since it was first presented at the ICPR meeting in 
Osaka in 1992 (22) the T helper (Th)l/Th2 hypothesis 
for the immunoregulation of periodontal disease has 
attracted a lot of attention (for review see Seymour & 
Gemmell (23)). A number of studies have shown a 
decrease in Thl responses in periodontitis, while 
others have shown increased Th2 responses. Some 
studies have claimed a dominance of Thl response 
over Th2 responses in periodontitis, whereas others 
have shown a predominance of ThO cells in period- 
ontitis (reviewed in 23). These studies are difficult to 
compare since they used a variety of cells and tissues, 
a variety of techniques and a variety of stimulants. 
In addition, the inability to determine disease acti- 
vity clinically makes interpretation difficult, if not 
impossible. Nevertheless, it is agreed that control 
of the Thl/Th2 balance is central to the immuno- 
regulation of periodontal disease. 
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There is increasing evidence that the Thl/Th2 bal- 
ance is controlled by a range of factors, all of which 
are possible within the periodontal tissues. An over- 
view of these factors is presented by Gemmell & 
Seymour (10) in this issue. These include the following: 

The nature of the innate immune 
response 

A strong innate immune response will result in large 
amounts of IL-12 and IL-18 production by mono- 
cytes and neutrophils that, in turn, will promote a 
Thl response. Interleukin-18 was discovered in 1989 
as INF-7 inducing factor. IL-18 is structurally homo- 
logous to IL-1|3 and, together with their receptors are 
members of the IL-lR/Toll-like receptor (TLR) super- 
family. This causes similar signalling and signal 
transduction mechanisms. IL-18 is recognized as a 
cytokine that is able to enhance the maturation of 
naive T cells to Thl cells as a cofactor with IL-12, and 
hence the production of INF-7. The ability of The 
importance of IL-18 as co-inducer of INF-7 induction 
in vitro by the successful reduction of INF-7 produc- 
tion in stimulated mouse spleen cells by neutralizing 
antibodies to murine IL-18. The major role of IL-12 in 
this mechanism seems to be enhancing IL-18 recep- 
tor expression. Interestingly, Thl cells express IL-18 
receptor whereas Th2 do not. Clearly IL-18 could be 
expected to have a fundamental role in the control of 
the Thl/Th2 response in periodontal disease. How- 
ever, the role of IL-18 in periodontal disease and its 
interplay with IL-12 and indeed IL-15 has not yet 
been elucidated. Nevertheless the biological activity 
of IL-18 is reviewed in detail by Delaleu and Bickel (8). 

Equally, there is some evidence to suggest that P. 
gingivalis LPS is recognized by Toll-like receptor 
(TLR) -2 and TLR-6, which promote a Th2 response. 
Nonpathogenic lipopolysaccharide (e.g. Escherichia 
coli) is recognized by TLR-4 and CD14, which pro- 
mote a Thl response. This is discussed in detail by 
Dixon et al. (9). 

The nature of the antigen (s) 

As discussed above, it is generally accepted that 
while different people may respond differently, spe- 
cific bacteria are nevertheless the cause of period- 
ontal disease. Irrespective of the host response, from 
a clinical perspective, if a patient has no plaque, they 
have no disease. In recent years it has also become 
apparent that complexes of organisms are most 



probably associated with disease and hence the role 
of coinfection has become increasingly recognized. 
Recent data have suggested that combinations of 
organisms may result in shifts in the Thl/Th2 and 
antibody profiles (2, 10). In order to understand how 
combinations of organisms may influence the 
immune response it is first necessary to have a 
knowledge of the specific antigens of the pathogenic 
bacteria. A comprehensive review of these antigens is 
presented by O'Brien-Simpson et al. (20). These 
authors point out that each of the periodontal patho- 
gens produce an array of antigens capable of indu- 
cing both Thl and Th2 cytokine profiles and they 
suggest that multispecies vaccines directed against 
key bacterial epitopes associated with the acquisition 
of essential nutrients may restrict proliferation of the 
pathogens within the biofilm and thereby influence 
disease progression. 

The nature of the antigen-presenting 
cell 

There is ample evidence that the nature of the anti- 
gen-presenting cell can determine the nature of the 
Thl/Th2 profile. Cutler et al. (6) have suggested that 
the default lesion in periodontal disease is Thl, in 
which the major antigen-presenting cell is the den- 
dritic cell. At the same time, Gemmell et al. (12) have 
shown that in periodontitis lesions CD19 + , CD83 + B 
cells are probably the dominant antigen-presenting 
cell, supporting the concept of shifts in the Thl/Th2 
profile between gingivitis and periodontitis. In their 
review in this issue, Cutler & lotwani (5) look at the 
events leading up to antigen presentation by dendri- 
tic cells and suggest that as antigen presentation is 
the limiting step in the generation of an immune 
response, blocking specific aspects of this could 
represent a valid strategy for the control of period- 
ontitis. 

T-cell receptor (TCR) affinity 

There is emerging evidence that high T-cell receptor 
affinity with short signaling time favors a Thl 
response while low T-cell receptor affinity with a 
prolonged signaling time favors a Th2 response. As 
yet, however, the T-cell receptor affinity of cells 
involved in periodontal disease has not been deter- 
mined. In their review in this issue, Yamazaki & 
Nakajima (26) raise the possibility of autoimmunity 
contributing to the periodontal lesion. The expres- 
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sion of heat shock proteins in the periodontal tissues 
is presented, together with the possibility that the 
immune response to their bacterial homolog (GroEL 
antigens) cross-reacts and hence contributes to the 
inflammatory lesion. They further present evidence 
that regulatory T cells, which control autoimmunity, 
are in fact lacking in the periodontal tissues. 

Genetics 

Using a mouse model, Gemmell et al. (13) have 
shown that susceptibility to P. gingivalis infection 
is in part determined by the H2 haplotype and that 
this also reflects the Thl/Th2 profile. Also, there is 
increasing evidence that the cytokines which influ- 
ence Thl/Th2 function are influenced by genetic 
polymorphism; this may contribute to differences 
in individual variation in Thl/Th2 responses and 
therefore susceptibility and progression in periodon- 
tal disease. This possibility is reviewed by Taylor 
et al. (25). These authors point out that while there 
is no doubt that a genetic element is an essential 
component of the periodontal lesion, a central role 
for cytokine gene polymorphisms in immunoregula- 
tion remains suggestive. 

All of these mechanisms are not mutually exclusive 
and it is likely that immunoregulation of inflamma- 
tory diseases (such as periodontal disease) involve 
different mechanisms at different times in different 
patients and probably no one mechanism is more 
important than another (18). The application of 
new knowledge and technologies in the fields of 
genomics, proteomics and structural biology holds 
real promise in terms of establishing a truly holistic 
picture of complex diseases as well as providing 
rational targets for diagnostic and therapeutic stra- 
tegies. With this in mind, the authors of the series of 
articles for this issue of Periodontology 2000 have 
been charged to describe progress in the complex 
field of immunoregulation and periodontal disease 
and to include a discussion of how these novel 
approaches might enlighten our research efforts in 
this area. This issue brings together experts from four 
continents; it does not attempt to reach a consensus 
but rather to establish our current knowledge and to 
set the framework for future research. 
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Immune Homeostasis and Interferon Status of Newborns from Mothers with 
Cytomegalovirus and Herpes Simplex Virus Infections. 

Malinovskaya VV, Suskova VV, Abaeva ZR, Antipova II, Orlova NG. 

Gamaleya Institute for Epidemiology and Microbiology, Russian Academy of 
Medical Sciences, Moscow, Russia. 

Cell mediated and humoral immunity, immunoregulation compartment, phagocyte 
system and interferon status were analyzed during the first day of life in 
96 newborns from mothers with cytomegalovirus and herpes simplex virus 
infections as well as in 20 newborns from mothers with physiological course 
of the pregnancy and delivery. As a result of this study the next 
characteristics were found in newborns of the experimental group ; 
activation of T-compartment of immunity with intense emigration of 
increased number of early precursor T lymphocytes into the peripheral blood; 
alteration of the immunoregulation compartment with reduction (or a 
tendency of reduction) of absolute number of T lymphocytes (CD3(+)), CD4(+) 
helpers-inducers, the cytotoxic T lymphocyte fraction within CD8(+) cells 
and increase of the T suppressor fraction; increase of the level of cells, 
which express receptors for IL-2 (CD25( + )); increase of the number of NK 
and activated NK (CD16 (+) CD8 {+) ) ; decrease of the absolute and relative 
number of mature B lymphocytes (CD20(+)); increase of IgM and IgA synthesis; 
increased level of the immature forms of neutrophiles and reduced 
phagocytic ability of some phagocytes; reduction of IFN-ggr; and increase 
of IFN-alpha level. Thus, cytomegalovirus and herpes simplex virus were 
shown to affect unfavorably the development of immunity during ontogenesis 
with alteration of the immune homeostasis, reflecting intrauterine 
activation of the antigen-specific immune response. All above mentioned may 
serve as an indication for immunocorrecton therapy, and in particular for 
I FN preparations with aim to correct immune and I FN deficiency among such 
children immediately after their birth. 
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